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Abstract

Moth populations have declined across large areas of nagltern Europe since the mid
20" century, mirroring similar declinesiother insect groupsThe mechaisms behind these
declines are likely manifd, but it is believed thatagricultural intensification is a kdgctor.
There were two aims of this thesi¢l) to elucidate the mechanisms behind moth decline in
the UK, and2)to determine ways in which farland habitats could be improvedr moths.
Counter to expectations, between 1968 and 2016, the declines in total moth abundance were
least severe in the most agriculturally intensive areas and were most sgveesninatural
habitats, as well as in urbanvironments.Species richness, while raming stable at the
national level, declined in only one habitat tyfeoadleaf woodlad. No evidence was found

to support the hypothessthat habitat lossshadingof the understoryby canopyclosure or
overgraing by deerhad driven these declinewithin broadleafwoodland. Evidence was
found that warm winters negatively impaad moth abundance, but this effect was consistent
across all habitat#\lthough declines were least severarrproved grassland and dvke land,

the declines in total abundance we significant and ongoing, despite widespreadd
increasingadoption of agrienvironment schemes (AESihce the early 19904n this thess,

the role of nectar resources andrval hostplants were explored vhin AES field margins on
arable land, with the aim ofletermining how these small areas of habitat could be best
managed to enhance moth abundance and diversity. It was foundhleativersity of moths
wasgreatlyincressed and abundance moderateso, when marginsvere sown with a wide
range of wildflowers and grasses, in comparisoarity gras&s The evidence suggested that
this was dueprimarily to the provision of larval hostplants, with nectar resources playing a
secondary roleOverall, this thesi demonstrates thatin order to improve the environment
for moths,AESwildflower margins should be encourageder and above plain grass margins.
This thesis also demonstrates that while agricultural intensification is likely responsible for
some of theobserved declines in moths, there are other mechanisassyet unkown, at

work in both seminatural habitats and urban areas
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Chapter 1. Introduction and literature review

In the UK, the total abundance of moths has been in decline since the {9Q66sad éal.,
2004, Corad et al., 2006, Fox et al., 201&8)d levels of species occupancy have also been
retracting (Fox et al., 2014)Before this time, standarsied longitudinalsampling of moth
populations are known to be rare, but the few data that do exist suggest that moth
populations were already much reduced when compared to the 1930s an{T4@tor, D73,
Woiwod and Gould, 2008AIthough the overall moth trend is one of decline in the UK, there
is regional variation, with th strongest deahes occurring in the south and especially the
south-east (Conrad et al., 2004)The trends of individual species vary widely, with some
remaining stable over time and a minority increasing rap{@gyes et al., 20)9section
1.2.1). These declines mirror similar moth trends reported in other novéstern European
countries(Franzén and Johannesson, 2007, Groenendijk andZBllig, Mattila et al., 2006,
Mattila et al., 2008and are part of avider decline in insect abundance and diversity that has
been recorded in Europe over the lastthegéntury(Powney et al., 2019, Thomas et al., 2004,

Wenzel et al., 2006)

The Lepidoptera, of which moths constitute the overwhelming majority, are one of the most
speciesrich groups of insects with roughly 258@Pecies recorda in the UK(Waring and
Townsend, 2017)Moths have essential ecosystem roles @snpry consumerspreyitems

and pollinators. As prey, the decline in moth populations is projected to affect higher trophic
levels such as birds and batdisser et al., 2006)hilst as pollinators moth declines are
expected to affect the reproductive capability of primary produd@wsttersson,1991, Youg,
2002)

In this chapter, the evidence for moth declines both within the §8€tfon1.2.1) and inother
countries in northwest Europegectionl1.2.? is reviewed and understood in the context of
insect declines globally over the sameriod (sectionl.l). Importantly, the mechanisms
driving these declines are alassessed (sdon 1.3) alongside potential practical mitigation

strategies gection1.4).



1.1 Overview of insecedlines

The abuwklance and diversity of insects globally has been in decline since long before
standardised monitoring programs beg@reather, 2017)However, the evidence for declines

prior to the mid-20" century is mostly anecdotal dogically assumd due to the habitat loss

GKFG KFa F002YLI yASR F3INROdzt GdzNF £ SELI yaAzy
I NY¥I 3SRR2YQ YIRS KSIRftAySa NBOSydlGf e itafyd SNI K
flawed review paper on global sect declinegSancheBayo and Wgkhuys, 2019which

Of FAYSR GKFG nmeg: 2F GKS 62NIRQa AyasSod aLISOA
few decades. Although the scientific community was highly critical of this paper due to its

poor methadology and alarmist languag&omonen et al., 2019, Mupepele et al., 2019,
Simmons et al., 2019, Thomas et al., 2019, Wagner, 2@i®)consensus was that whilst

global insect declines are undeniably real we do not have sufficient data to make estimate

about the sca of the declines globally. Notably, leteym, continuous records of insect
abundance and distribution are very rare in much of the world and are essentially absent in

the tropics where the majority of insect diversity is found. In thistisa, the evidace for

insect decline across the world isviewed and then later a focus on moths in particular is

presented (section.2).

1.1.1 Insect declines in théK

The UK is fortunat in having a high density of entomologists with a long history of collection

and recording of insects. Although species extinctions at the local and national level have
been recorded since well before the Second World \(@llerton et al., 2014, Thomas and

Morris, 1994) it was not until the 1960s and 70s that standardised monitoring programs

began which allowed for the creation of annual abundance indices and hence estimates of
changes in abundance. Notalexamples includetie Rothamsted Insect Survey (RIS), the UK
Butterfly Monitoring Scheme (UKBMS) and latterly the Environmental Change Network (ECN),
ly3f SNBEQ WADGSNFEE a2y Ald2NAYy3 LYAGALFGADBS o! wa
the UK Polhator Monitoring Schene (PoMS).

Declines in butterflies in the postar period in the UK are weallocumented(Brereton et al.,
2011)and declines in butterflies are shown to be more severe than for comparable trends in

birds and vascular plan{§homas et al., 20048 33butterfly specie studied between 1976
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and 2014, 61% decreased in abundance and 70% of species decreased ifFangeal.,
2015) These changes in distribution and abundance were also not&¥ddsyen et al. (2001)
who provided clear evidece hat sedentary spcialist species had declined the most while

mobile generalist specidsad tended to remain stable or increase.

Other insect groups have also experienced decline in recent decades. OwgearlEeriod,
three-quarters of carabid speesdeclined in abudance(Brooks et al., 2012nd comparison

of pre- and post1980 records of bees and hoverflies in the UK found a decline in bees,
although there was no clear trend in hoverfli@iesmeijer et al., 2006 Another study on
bees and hoverflies for years 198013 found declines in 33% of species with no clear
differences between &ées and hoverfliefPowney et al., 2019)Declines in dhropod
abundance were also reported from a cereal farm in Sussereged from 1970g 2011
(Ewald et al., 2015Analysis of aerial insect biomass from four suctiap sites in southern
England between 1973 to 2002 showadaignificant decline at only one site, Hereford, with
no overall tend at the othe three sites(Shortall et al., 2009More detailed analysis of the
Hereford site revealed that the bulk of this decline was driven by alesisgecies of lge-

bodied fly Dilophus febrilis)The reasons for the decline of this fly in this location are unclear.

1.1.2 Global insect declines

Insect declines are likely a prosgr moth declines and the majority of losigrm records of
insect alundance and distbution are to be found in western Europe and to a lesser extent

in North America. The development of agriculture in pasir North America shares a similar
timeline to that of western Europe, so changes in insect populations since riinesatie likely

to share similar drivers. Butterflies are the most extensively recorded insect taxa and declines
in butterfly populations have been demonstrated in the United Stékewister et al., 2010,
Swengel etal., 2011, Weppch et al.,, 2019)the Mediterranean(Melero et al., 2016)
Germany(Wenzel et al., 2006Belgium(Maes and Van Dyck, 200 the NetherlandgVan

Dyck et al., 2009)Finland(Kotiaho et al., 2005and Sweden(Franzén and Johannesson,
2007) A review of European butterflies found tha oM> 2F 9dz2NRLISQA pTcC
significant decline and 9% of these are threatened according to IUCN termirfglmgpwaay

et al., 2010) Declines in less wakkcorded insect taxa are also prevalent acrosepe and

North America, such as in carabid beetldBesenderand Turin, 1989) ladybirds

5



(CoccinellidaeYHarmon et al., 2006)dung beetleqCarpaneto et al., 2007, Lobo, 2001)
saproxylic beetles (Nieto and Alexander, 2010)dragonflies (Kalkman, 2010)and

grasshopperscrickets and buslerickets(Hochkirch et al., 2016)nsect eclines have also
been recorded in the Arctit.oboda et al., 2018ylemonstrating that the phenomenon is not

limited to agricultural or humaominated landscaes.

Bees are also known to be in decline in western Eu(Bia¢ts et al., 2010)Of the D7 species

of bees recorded in the European Red (Mieto et al., 2014)150 of those had declining
populations while only 13 are found to bancreasing. Indeed, a large review of bumblebees
and cuckoo bees in western and central Epgdound widespread declines over the twentieth
century with 80% of the 60 known taxa threatened in at least one of the countries studied
(Kosior et al., 2007)ndependent bee dersity and abundnce analyses in the Netherlands
(Biesmeigr et al., 2006) Sweden and DenmarDupont et al., 2011) CanadaColla and
Packer, 2008nd the UnitedStategGardner and Spivak, 2014, Koh et al., 2@L@port this.

As well as declines in specific taxa, gendealines in insct numbers and biomass have been
reported across Europe. In Denmark, the number of ins&dtsd on a car windscreen
declined by 80% and 97% along two transects regularly sampled between 1997 and 2017, and
these finding were corroboratetly the trends ofinsects caught in sweep nets and sticky
traps and in the abundance of insectivorous birtdgha same locatioriMgller, 2019) A study

from Germany found a 75% decline in biomass over 27 years across 63 nature r@serves
Germany(Hallmann et al., 2017Although most of these sites were sampledyoonce, with

a maximum time series of four years, the sites that were sampled multiple tghesed

trends onsistent with the overall decline.

Tropical ecosystems contain the highest levels of insect abundance and diversity worldwide,
but longterm montoring of their populations is largely absent. However, studies that do
exist, combined wittanecdotal and idirect evidence, suggest that insect declines are also
occurring in these regior(@anzen and Hallwachs, 201Bpr examplelNemésio (2013jound

that the abundance of foresitependant orchid bees had declined by 50% whegssitere
re-sampled after a 12 year gap in a forest in Brazil. In Costa Rica, the abundarspecied
richnes of bees declined in a forest from 1972004 (Frankie et al., 2009A study that took

place in a protectd forest in Puerto Rico, reported declines in insect biomass af 8%

(depending on the taxand the method used) between the years of 1976/72012/13, with
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parallel declines in insectivorous lizards of around $D&ier and Garcia, 28} Although it
should be noted that no insect biomass measurements were taken betweetwihesnd
points d this study, making trend estimates unrelia§@idham et al., 2020, MacGregor et

al., 2019b)

1.2 Evidence for mothgpulation declie

1.2.1 UK trends

The most spatidemporally extensive standardised moth monitoring project in the world is
GKS 'YQa w2iaKIl Yaid S Rtrap yedwdriowhicq rieENdpSated lightelp 0 € A 3
across the country every night since 198¥oiwod and Gould, 2008Analysis of I$ data
(Conrad et al., 2004, Conrad et al., 208i&wed that the overall abundance of maarmths

had declined by 31% between the years 196802 Analysis of the trends of 337 common
speciedy Conrad et al(2004)showed that 54% of species had declined significantly with at
least 10% decline per decade, and less than half as many species had significantly increased
(22%). However, these trends were not uniform across the country. Declirteg isouth
weremore sevee (overall decline of 44%) whereas overall moth abundance in the north was
stable (nonsignificant increase of 5%). When the country was further subdivided into north,
south-west and soutkeast,Conrad et al. (2004)emonstratedthat the declires were moe
concentrated in the soutleast. Trends were calculated for a subset of moths that \bete
abundant and widespread (219 species) and the proportion of moths found to be increasing
was highest in the north (23%orth, 9% south-west, 13% south-eas); conversely the
proportion with decreasing trends was highest in the sea#st (33%orth, 47%south-west,
65%southeas). Although the north had stable overall abundance trends, the proportion of
species with significantly decligrabundane trends was still greater than species that were
shown to be increasing (i.e. 35% decreasing, 39% stable, 26% increasing). Subsequent analysis
of this dataset has shown that the overall abundance of moths has continued to decline up to
2016(Bell et al., 2020, Fox et al., 2018)ecent analysis of RIS matata in Sotlandshowed

that although abundance trends were stable up until 20@2ent declines have meant that

the overall moth abundance fell by 20% over the years €¢20%4 (Dennis et al., 2019)

Curiously, although the actual abdance ofspeces had fallen, the data showed that the
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occupancy rate of moth species was growing larger over the same period. This implies that
although the abundance of individual moths has declined, the geographical area which
species occupy has incd, infering ©me redistribution and range expansion. On a

speciesby-species basis, the trends in abundance and in occupancy were significantly
positively correlated, but only very weakly so, suggesting that occupancy trends are not a

strong predictor é changesn abundance

Similar trends in British moth occupancy rates were demonstratelddxyet al. (2014)sing

a different dataset. In thistudy, ocapancydata for 673 species of macrooth were
extracted from the National Moth Recording Scheme (NMRS) for the years20A70 The
NMRS dataset consists of records submitted by volunteers including county moth recorders,
amateur entomologists red membersof the public. The overall trends in moth occupancy
were also very similar; for example, in the NMRS study 62% of species were found to have
negative occupancy trends (compared to 66% in the RIS study) and 38% had positive trends
(compared to 3% in the S stuly). In the NMRS study, 39% of species showed significant
declines and 24% significantly increasetthe equivalent figures in the RIS study are 54%
increase and 22% decreadd¢owever, a reanalysis Randle (2019pf moth distribution in

the UKshowed thatoccupancytrends were stable overl Whether this is due to an
amelioraton of the situaion, or differences in analytical methods is unknoiandle, 2019)
MacGregor et al. (2019ghowed that despite declines in abundanceoth biomass had
increased from 1968 2017. Thisurprisingresult implies that although moths have lwene

less abundar) their community composition has become more dominated by latgetied

moths. The reasons behind this trend and its implicationetmsystem functioning require

further investigation.

1.2.2 European trends

An overall decline in motabundance and awpancy in agricultural landscapes in theé"20
century has been recorded across several countries in rge$tern EuropeFinland(Mattila
et al., 2006, Mattila et al., 2008pweder(Franzén and Johannesson, 20@grmanyHabel
et al., 2019b)gnd the Netherland$Groenendijk and Ellis, 201The UK trends reported by
Conrad etal. (2004, 2006) androx et al. (2014are mirrored by a similar study in the
Netherlands.Groenendijk and Ellis (201fgund that distributions of 733 species of macro
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moth had declined by 37% between the years of 1980 and 2009. The authors used data from
the online database Noctua, which is similar in structure to the NMRS. Overall declines in the
Netherlands were calculateds 37%, compareto 31% inthe RIS study bfZonrad et &

(2006) In the Netherlands, 71% of moths had negative population trends compared to 66%
in the RIS study, and, 29% had positive treratsnpared to 34% in the RIS study. In the
Netherlands, 6% of species were found to be strongly declining and 2% swrergyly
increasng. While not absolutely comparable due to difference in methods used, the
proportion of strongly increasing to strongiecreasing species in Great Britain is similar;
1.8% of species are strongly increasing (i.e. >50% increase pers) gadr4.5% strggly
decreasing (i.e. >50% decrease per 10 years). There were also similarities with regard to trait
predictors of declinethose species that overwintered as eggs (69 species) declined most

severely whereas those overwintering as adults{8cies) tendedb be stable or increasing.

Studies byMattila et al. (2006and Mattila et al. (2008)n Finlandshowed significant overall
dedines in distrilution for 590 species of noctuid and geometrid moths. These results were
obtained using the Atlas of Finnish Macrolepidenat (Huldén et al., 2000py comparing
records of the presence of species within 10 x 10 km grid squares éetiw® time periods:
pre-1988 compared to the period 198897. Mattila et al. (2006,2008) found that species
that were listed as thratened or neatthreatened by IUCN categories had declined in
distribution more than those nothreatened species. Speciity, threatened and near
threatened moths had decreased in distribution by 45.7% and 41.3% respectively, whereas
non-threatened mothshad decreased by 18.5% and 18.1%. For geometrids the tendency for
decline was significantly predicted by traits relatedlarval specificity, overwintering stage
and length of flight period. Geometrids most likely to decline were thosle mbnophagous
larvae, those that overwintered as larvae or pupae, and those with shorter-figitods. For
noctuids, the only significd predictor was overwintering stage; again, with those

overwintering as larvae or pupae declining most.

Presence/absece data is a mblematic way to estimate population change as it cannot fully
accountfor the abundance of individuals @wr sampling effortwhich areoften concentrated
around centres of human population (Dennis et al., 1999). However, it is unlialyhe
declinesmeasured by Mattila et al. are an artefact of the methods used for two reasons:

firstly, therewere more recads from thelater period than theearlier (i.e, sampling effort



increased); secondly, in 1993 a natwrde monitoring scheme wastarted, consisng of
almost 100 light traps distributed evenly across Finl@disanen, 1993 Records between
1988 and 1997 were therefore more numerous and possibly more widely distributed than
records prel988, so one would expect a risk of falsely measuring increases in species
distributions. This suggests that the declinegasured are remsentative of an actual
phenomenon rather than an artefact of the methods used and are potentially a conservat

estimate of declines.

A study at Kullaberg Nature Reserve in southern Sweden revealed that 27% (159 out of 597)
of macrclepidopteran speciespresent in the 1950s were no longer present in 2004,
compared to 22 species which had colonised the gfeanzén and Johannesson, 2007)
During this period, th&ullaberg reserve had lost traditional meadows to improved grassland
and golf courses, wetland areas had been colonised by faresarable fiels had undergone
typical intensification. Species traits associated with disappearance were very similas¢o th
outlined by Mattila et al. (2006,2008)ighlarval specificity, short flighperiod and those that

are categorised as threated by the IUCNAdditionally, species associated with Rfomest
habitats were found to be more at risk of extinction at Koérg. By using distribution change
data obtained from the Atlas of Finnish Macrolepidoptérauldén et al., 2000 the authors
showed that: i) those species extinct from Kullaberg had also declined in Finland, ii) those that
had coloniseKullaberg had icreased in Finland and, iii) those still present in Kullaberg were

more likely to be stable in Finland.

Not al moth trends in Europe are negative studyfrom remote northern Finlandound that
more species had increased than had decrela@¢unter et al., 2014)This region has had
little direct human influence over the time period, lending evideteehe hypothesighat
declines are due to direct humarabitat modificationand destruction Furthermore,moth
specesrichness inagased in Finland over a twenyear period, especially in the nor(Antao

et al., 2020) althoughoverall abundance declined over this period.

1.3 Drivers of moth population change

The possible reasons behind these population changes are reviewed (2013)vhere they

are groupedinto five broad categories: habitat loss, chemical pollution, ligbliution,
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climate change and invasive species. A sixth category,-anlkction of specimens, is
implicated in a few cases in some very rare and localised species but the effect ialgene
considered to be negligible. Other potential regulators oftimpopulatiors such as changes

in predation and pathogen pressure are not assessed in this review. Fox points mainly to
habitat loss as the key driver of decline, including loss of haluitet to agricultural
intensification (e.g., hedge removal and changéeld bowndaries, conversion of floweich

hay meadows to improved grassland and wetland drainage), habitat loss through urban
development, and habitat loss resulting from changedamd management practises, for
example, the loss of young regrowthlhitats in wadlands due to the cessation of coppicing.

In this section, the potential drivers of decline, mostly following the categorisation structure

of Fox (2013)are discussed and current evidence related to eackedis presented.

1.3.1 Habitat loss

Habitat loss is widely recogred as a may driver of biodiversity loss worldwid@®irzo and
Raven, 2003)Currently, the majority of habitat loss is occurring in the tropicalregions
where speciesich habitats are undergoing conversion to agricult(Gmaudhary et al., 2016,
Newbold et al., 20149r are subject to wildfires caused by longer periods of droyBbshet

al., 2008, Taufik et al., 2017)Current habitat los in Europe is qualitatively different to that

of the tropics as much of the European landscape was converted to low intensity agriculture
during the late HolocendEllis et al., 2013and the UK has been a mostly sustairabl
agriculturd landscape for at least the last 1000 ye@gfe et al., 2015)n the UK, habitat loss

in the postwar period was cheacterised by an increase in agricultural intensity that saw the
loss of semhatural habitats to widescale mechanisation and changes in woodland

management to more commercial forestry.

1.3.1.1 Habitat frgmentation

In addition to habitat Igs, the fragrentation of habitats detrimentally affects species
abundance and diversity because of isolation and edge efféetisrig, 2003)Species
low dispersal ability and high bh#at specifcity are more vulnerable to isolation and

intermittent local extinction that in turn leads to population decli(®accheri et al., 1998a)
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It has been demonstrated that smaller, more isolated habitat patches tend to have lower
species richness of motliBuentesMontemayor et al., 812, Merckx eal., 2012a, Usher and
Keiller, 1998and tend to be dominated by highly mobile generalist spe(i#skinger et al.,
2010) The effect of habitat isolation at a small scale has been demonstrated for the
November moth Epirrita dilutatg where populations from two woodlands separated by
1400m were found to be genetically disting/ynne et al., 2003)In contrast, populations
from three woodlands in closgroximity (searated by maximum 620m) that were linked by

hedgerows were found to be genetically indistinctlahus more closely related.

Although habitat fragmentation may lead to reduced species richness at small scales, there is
no direct evidence thafragmentatian is linked to the decline in moths over the last half
century. A larger wingspan is typicallysasiated with higher dispersal abililieminen et

al., 1999, Slade et al., 2018)d this trait is cosidered a vadl proxy fa dispersal ability in
Lepidoptera(Sekar, 2012)If habitat fragmentation were a key driver of decline, we would
expect to see declines disproportionately afiegt moths wih low dispesal ability and hence
small wingspans, but the evidence for this is inconclusacGregor et al. (20194pund

that moth biomass in the UKad increaed over the same period in which moth abundance
had declined (1969 2017). As biomass was estimated as a function of wing@piaisella et

al., 2019) this suggests that average wingspan has increased over this time. In contrast,
Coulthard et al. (2019pund that large wingspan was the best predictor of moth population
decline at the species level in the UK, although this finding may be highly influenced by a
subset of small mothwith strong pppulation ncreases. In Finland and Sweden, no statistical
relationship between wingspan and moth declines or extinction was fa@mdnzén and
Johannesson, 2007, Mattila et al., 2008)though mobity and dispesive behaviour is not
well-known for most moth species, a series of captorark-recapture studies suggests that
moths in general are relatively mobile at the fasoale(Merckx et al., 2009a, Merckx at.,
2010b,Merckx et al., 2010a, Slade et al., 2018jleed, a study on a small rocky island off of
Sweden captured 51 species that would haeelto travel 8 km toreachthat islandfrom the
nearest suitable habitgBetzholtz and Franzén, 201 tlgmonstrating high mobility in at least

a subset of mothaVlerckx et al. (2019pund that most landscaptevel species richness was
driven by the amount of habitat within a landscape rather than the isolation or size of

individual habitat patches per se. In practice, habitat loss and habitat fragmentation often
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occur together, and this lack of independence creates difficulties when attemptin
attribute these potential drivers of decline separately. Overall, the studies suggest that
habitat fragmentation may be an exacerbating factor in addition to habitat loss, but evidence

for fragmentation as a driver of decline in its own right is weak.

1.3.1.2 Agricultural intensification

In 20" century UK agriculture, intensification has impacted both physically (e.g., loss of
natural vegetation and plant species diversity) and chemically (e.g., increased use of
pesticides, herbicides and artificitgrtilisers)on the landscap&Robinsonand Sutherland,
2002) but their individual effects are confoundé@hamberlain et al., 2000For example, an
increase in artificial fertilers typically leads to a reduction in plant divergiBlantureux et

al., 2005) Although it is generally not possible to disentangle the relative impacts of
environmental changes in retrospect, we can look at how manipulating the farmland
environment affects moth populations either over time (a befared-after study) or over
space (treatments compared to a control), or a combination of the two, and inferftieete

of various landscape changes from these studies. However, it must be acknowledged that
standardised ecological monitoring schemes-p&60s are very rar@/Noiwod and Gould,
2008) and therefore the opportunity for longitudinal analyses are somewhat limited. For
clarity, evignce derived from experiments manipulating the physical and chemical
environment over time and/or space is presented in secfich(Conservation measures). In

the current section (1.3), all oéin relevant evidence examining the link between agricultural

intensification and moth decline is presented.

Agricultural intensifiation has been identified as a key driver of decline in butterfhester

et al., 201, Habel et al., 2019c, Maes and Van Dyck, 2001, Nilsson et al.,a2@dl18)her
insects(Seibold et al., 2019and it is likely to have influenced moth populatigiex, 2006)

A study in southwest Germany found that the relative abundance of butterfly and burnet
moth species had been in decline since records began in 1750, but thesew@se decline

only happened after the mid950s, when agricultural intensification begérabel et al.,
2019b) The effects of agricultural eapsion on moths can be traced back before the Green
Revolution of the 1950s and 60s. For example, the draining of wetlands for agriculture during

the mid-19" century was demonstrably responsible for the extinction of a number of wetland
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specialist mothai the UK such as the Reed Tussabelelja coenogaand the Manylined Moth
(Costaconvexa polygrammatéFord, 1955) The near total loss of unimpred grasslands
between the 1930s and 1980Ridding et al., 2015 almost certainly cause of local
extinctions of haitat specialist moths such as the Straw BeRsp(tates gilvaripand the
Blackveined Moth Giona lineata(Fox et al., 2010)

If agricultural intensification was the nmacause of moth decline, it would be expected that

moth populations in noragricultural environments should be stable or potentially increasing

due to a warming aiate which allows for range expansions of moths and additional
generations within one seasqiMacgregor et al., 2019a)ndeed, there have been sevéra

studies showing this. Trends in moth populations between 1978 and 2009 at a site it Finnis
Lapland (250km north of the Arctic Circle) showed that 90% of species were either stable
(57%) or increasing (33%), over which time the annual average tempefd®ra S 6& M P dc
(Hunter et al., 2014)There were 11 traps at this site and the habitat consisted largely of mixed

forest with no humarninduced habitat alteration over this time. Similarly, a RIS site in a
Scottish ancient broadléawoodland reported significant increases in abundance (62%
iNONBIl S0 FYR RAGSNEAGE O6CAAKSNINAE h3I AYONBI &
(Salama et al., 2007), although the cause might actually be due to colonisation by moths

moving northward hat were tracking a climate envelope.

A longterm study of meh populations in Hungary showed that moth abundance remained
stable at 7 woodland sites that experienced little or no hunAraiuced habitat alteration
between 1962 and 2000v/altonen et al., 2017)lthough species richness did fall. Stable or
increasing moth trends within woodland habitats ig maiversal Woiwod and Gould (2008)
showed that overall moth abundanae a mature woodland in southern England declined by
49% on a lodinear scale between the 1960s and the early 2000s, mirroring changes in the
wider UK moth population. However, as this woodlaveks only 1.7 ha in size and surrounded
by intensive farmlandand suburban development, it is possible that the changes in the

surrounding land are responsible for the measured drop in abundance.

Analysis of RIS data by Conrad et al. (2006, 2006) revigalecthoths species found mainly
in pasture, arable and downldnhabitats were more likely to decline than those that
specialised in woodland habitats. It must be also acknowledged that moths specific to coastal,

heathland and upland habitats were just akely to decline as agricultural specialists.
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Furthermore, wha population trends were assessed by larval food preference, it was shown
that species feeding on shrubs (n = 38 species), grasses (n = 26vagrdwing plantgn =

71) declined the most congped to those that fed on deciduous trees (n = 68) which were
largely stable, or conifers (n = 10) or lichen (n = 13) which tended to incidasekx et al.
(2012b)found that the proportion of arable land within an 800m radius of the sample site
had a significant negative effect on the abundance of nationally declining spetties (150
species) but had a nesignificant slight posite effect on species that are nationally
increasing (76 species). These findings support the idea that most species of moth that are
declining are doing so because of intensification of agucaltland; the species that are

nationally increasing are moresilient or have adapted to intensification.

Increased levels of grazing through increases in livestock density represents another aspect
of agricultural intensification. The abundance andedsity of invertebrate taxa typically
declines under intensivgrazing(Dennis et al., 2008, Kruess and Tscharntke, 2002)the

effects vary widely between taxa, with some species preferrmgngermediate sward or a
highly specific grazing reginges.g, the Large Blue butterflyPfiengaris arioy(Thomas et al.,

2009) Experiments regarding the effects of grazing regimes on mothexarained in section

1.4.3

A decrease in nectar resources in the wider landscape has been suggested as an additional
driver of decline for nectivorous speci@aude et al., 201@&nd a link has been demsetrated
between butterfly declines ahdeclines in key nectar plants in The NetherlafWiallisdevries

et al., 2012) Many species of mbtfeed on nectar during their adulifé, as well as other

sugar sources such as owgre fruit and honeydewWaring and Townsend, 201 ®ut no

connection has been made between loss of nectar resources and moth decline to date.

1.3.1.3 Urban development

Development of the built environemt is often seen as having a negative impact on wildlife,
particularly when planning intent inclugdechanges to senmatural habitats, greenbelt or
even brownfield sites, such as the Thames Gateway and West Thurrock Marshes.
Development often removes andf fragments existing habitat and, typically, replaces it with
impervious surfaces that support ordimple communities. Urbanisation has been associated
with moth declineqTayloret al., 1978)yand it has been responsible for the local egtions
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of highlylocalised species sh as the Sandhill Rustic at a site in Lancagkived, 1955)As

well as habitat destruction, urban develogmt often brings increased light potlon to an

area, the effects of which are discussed in sectiog®3 and road traffic which maylso
negatively affect insect populationthrough direct mortaly (BaxterGibert et al., 2015,
Mufioz et al., 2015Merckx et al. (2018pund that the body size of moths was largn more
urbanised areas, both at the species and community level. The authors suggest that
fragmentation of habitat within urban areas has selected &wgér, more mobile moths and

that the slightly warmer average temperatures that occur in urban asdasvs for larger
bodied moths as they need less time for glight thorax warmup. How ths relates to
MacGregor et al. (2019pbyho found that largebodied moth species were likely becoming

more common across the UK, is unknown but woulkenan interesting line of enquiry.

As well as uninhabitable gaces, urban development often also contains gardens, parks,
street trees and other areas of vegétan that act as valuable habitat for inse¢tdelden and
Leather, 2004, Helden et al., 2012) study from 12 urén centres across the UK found that

bee species richness was actually higher in urban sites than in nearby farmland, although
abundance of hoverflies was reduced in urban centBaddock et al., 2015Urbanisation has

not been linked to moth declines a national or landscape level, and despite rapid
urbanisation m the UK over the last century, urban and suburban land (including parks and

gardens) accounts for only 5.9% of the land cqivorton et al., 2011)

1.3.1.4 Changes to woodland

Broadleaf woodland is one of the few habitéltsit has increased in the UK in recent decades,
and together with coniferous plantations, woodland coverage in the UK is at its highest point
in 600 yeardDEFRA, 2013pespite the growing area of woodland, indicators in key taxa are
pointing to a decline in woodland biodiversity in recent aées such as bird§uller et al.,
2005b)and butterflies(Fox et al., 2015)The growth in conifer plantations since World War |

is likely the reason that comif-feeding moth species have experienced large population
increases since 196&Conrad et al., 2004)Although coniferous afforestation in Breckland
heath is probably to blame for the extinction of habitat specialists such as the Spotted Sulphur
(Emmelia trabealis(Majerus, 2002)
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British woodlands have become much less managed in theypasperiod, mainly due to the
cessation of coppicing and other wobdrvesting activitiegKirby et al., 2017)As a result,

they have lost much of their earsuccessional habitgdClarke et al., 2013nd have become
more shaded, which typidig leads to a reduction in plant species diverg®parks et al.,
1996) The change in habitat management to a largely closed canopy has had negative effects
on many species of woodid butterflies(Fartmann et al., 2013, Robertson et al., 1984]
negative effects of shading have been found in other insect (&taatorexDavies et al.,
1994) Most butterflies prefer to fly in sunlight as it is metabolically advantageous, soat is
surprising that an increase in shade wilbke the habitat less suitable. Moths may be less
affected byshade as most species are nocturnal so cannot use sunlight to enhance their
metabolic activity at night, although sunlight may still be advantagdouthe larvae of some

specieqBryant et al., 2000)

Moth community composition within coppice woodlands is affected by the age of thei@®p
regrowth. Broome et al. (2011found that young sinds of sweet chestnut coppice were
dominatedby moths with a preference for open habitats, and 60% of sjgecaptured in
these plots feed on herbaceous plants. Older stands were dominated by moths associated
with woodlands including a third of speciesthieed on lichens, fungi and decaying materia
Moth abundance and species richness was slightly highéeimlder plots, but this was not
tested statisticallyMerckx & al. (2012aYfound similar results, with wre sheltered,shady

and mature forests containing a higher afalance and species richness of moths than early
successional coppice. Moths found in coppice tended to be more associated with more open
habitats. The results suggest that moth diversity coblkel maximised at the woodland and
landscape scale by providingraxture of mature woodland and earlyo mid-successional

coppice to maximise the amount of mieoimatic niches and foodplant diversity.

The sze and location of a woodland partly determgéne type of moth community, with
larger woodlands that are @$e to other woodlands having a higher abundance and species
richness of moths than smaller, more isolated or{EsientesMontemayor et al., 2012,
Merckxet al., 2012a, Usher and Keiller, 1998here is evidence tsuggest that woodland
grazing has a negative effect on the abundance and species richness of (fRoémes
Montemayor et al., 2012)Grazing by deer in woodlahcan have both negative and positive

effects on butterflies(Feber et al.2001)and other invertebrategStewart, 2001) but the
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effect on moths remains largely unstudied. A high diversitiyrad species, especially native
broadleaf trees (as opposed to conifers) is associated hher abundance and richness of
moths (FuentesMontemayor et al., 2012, Kirkpatrick et al., 2017, Thorn et al., 20&h

is unsurprising considering the relatively small number of species which feed on oasifer

trees(Waring and Townsend, 2017)

The importance of structural diversity in woodlands wasndestrated by a longerm
monitoring progam in Hungary that sapled moths atsevenwoodland sites across the
country over the years 19622009(Vdtonen et al., 2017)There was a significant reduction

in species richness across the network and community composition across the sites became
more homogenous. Species most likely to disappear from woodlands in the Hungarian
network are those which szialise in dry grasshd and open rocky areas. Hungarian
woodlands have undergone similar changes to UK woodlands with an increase in mature,
closed canopy forest. The amount of forested land in Hungary has significantly increased and
the amount of grasaind significantly deelased over the study period. These factors may
explain the trend for homogenisation and overall species loss across skgsewoodland

sites.

1.3.2 Direct and indirect effects of agrochemicals

The most extensive form ahemical pollution that might &ct moths in the UK is likely to

be spray drift and leaching by insecticides (e.g. pyrethroids and neonicotinoids), herbicides
(e.g. glyphosate) and fertilisers (emtrogenphosphoruspotassiunm used in agriculture.
Although these are generally appliddectly onto the crop, the habitats adjacent to the crop
may be subject to chemical driftongley et al., 19977 small proportia of farms in the UK

are certifed as organic and do not use any of the synthetieddisived chemicals that are
applied in conventional agriculture. Comparisons of moth abundance and community
composition on organic and conventional farms is presenteskation1.4.2 There is a very
large body of evidence demonstrating the negative effects ofletlal doses of various
insecticides on the survival rate of Lepidoptera in the(laihgi and Jepson, 1995, Davis et al.,
1991, Sinha et al., 1990)hile this is unsurpris@) as insecticides are specifically designed to
kill insects, the important issue is the effect of insecticides on insects outside of the treated

area; how farreaching these effects are and for how long they persist. In a field experiment
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by Hahn et al. (2015)a hay meadow was divided into 8 x 8m plots and treated with
combinations of fertiliser (granular nitrate, phosphorus and potassium plus calcium
carbonateand ammonium nitrate), herbicide (Atlantis WG, a sulfonylurea) and pesticide
(Karate Zeon, a pyrethroid) in quantities that are typical for the firgt df a feld margin
adjacent to a winter wheat crop. The abundance of caterpillars in insecti@déd plots

was extremely low compared to other plots. Herbicides had no effect on caterpillar
abundance and the addition of fertiliser resulted in a slightly higtiemdance. In the same
study, the abundance of caterpillars caught in sweep net samplesdnfiargins adjacent to
winter wheat was found to be 360% lower compared to the abundance in a nearby

meadow.

As moths and butterflies have similar life hises and are closely related, the effects of
insecticides on the two groups are likely to bmiar. A review on the effect of insecticides

on butterflies(Braak et al., 2018tresses that insecticides, especially systemsedticides
such as neonicotinoids, can come into contact with butterflies via a range of indirect routes;
for example, through the ingestion of the nectar ofdted plants or by feeding on plants that
have absorbed neonicotinoidontaminated water(Goulson, 2013)The review presents
strong evidence that insecticides have contributed to observedines in butterflies in
agricultural landscapes worldwide and that low doses of insecticigi@t®in a wide range of

sublethal effects for butterflies, implying that the same is likely true for moths.

Overzealous application of fertilisers causes agtural runoff and eutrophication, known
to reduce plant diversity and result in the domirg@nof nitrogenrloving plantgPayne et al.,
2017) There is evidence that butterflies that feed on nitrogexing plants are more likely to
have stable or increasing populatiof@ckinger et al., 2008)nd increased nitrogn levels
have been linked to declines in butterfly abundance and dive(BigyVries and Van Swaay,
2013, Hodgsoret al., 2014) In moths, increases in occupancy have been linked to a
preference for nitogentloving and lighdoving plantgBetzholtz et al., 2013, Fox et al., 2014)
There seems todeither a neutral or a pasve effect of increased nutrient deposition on the
abundance and biomass of moths and other ins€ktahn et al., 2015, Lind et al., 2017)
Ingestion of herbicides by Lepidopteran larvae may also result in delesesublethal effects
(Hahn et al., 2014)but again, evidence for effects at the landscapale have not been

published.
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Air pollution has been greatly reduced in the UK over last halcentury, paticularly after

the clean air acts in 1956 and thereafter, and it is thought that the drop in sulphur dioxide
pollution has led to a recovery of lichens across the coui@ilpert,1992) This is likely to be

the reason that licherieeding moths are one of the few groups that have experienced large

increases over this time periq€onrad et al., 2004, Pescott et, &015)

1.3.3 Light pollution

The majority of nocturnal moths, as well as many other nocturnal insects, are attracted to
light, but the reason for this physiological response remains largely unkiierank et al
2006, Shimoda and Honda, 201B)oths tend to show greater attraction to the bluer end of
the light spectrum and are especially sensitive to ulti@et radiation that is invisible to the
human eye(Cowan and fes, 2009, Huemer et al., 2010, Som¥eates et al., 2013)
although this varies among speci&guchi et al., 1982 xperiments have shown thatoths

do not exhibit a simple positive phototaxis when in close proximity ghd §ource, but rather
exhibit behaviour that suggests disorientati@@aydecki, 2018Artificial light at night (ALAN)
can have negative effects on moths througtechanisms such as increased exposure to
predators (Minnaar et al., 2015)reduced larval growth ratefsrenis and Murphy, 2019)
disruption to mating behaviouiFrank et al., 2006, Van Geffen et al., 2015b, Van Geffen et al.,
2015a) and dispersalDegen et al., 2016Pirect mortlity can occur as a result of collision,
heat, exhaustion or becoming trapped in the light houdiBgenbeis, 2006 ALAN has also
been shown to affect flowevisitation in moths and reduce pollination success in insect

pollinated plantdMacgre@r et al., 2015, Macgregor et al., 2017, Knop et al., 2017)

Evidence that ALAN has been responsible for a decline in moth populations is scarce due to a
lack of light pollution data, the difficulty in isolating the potential effects of ALAN from other
factors such as urbanisation and the difficulty of sampling raatlithout the use of light.
Conrad et al. (200&ompaed moth population trends at two sets of sites in the UK: one set
which had experienced an increase in ALAN between ¢ 2900 (81 sites) and one set that

was dark and had remained dark (or bewe darker) over that period (35 sites). They found

no differences in the trends of moths between the two groups and no differences in general
abundance either. However, the shortness of the time period by which sites were classified

means that ALAN canndie excluded as a potential driver of decligilson et al. (2018)
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found that moth abundance wdswer in more brightlylit areas, but the authors were unable

to exclude competition from background illumination and other lights as a mechanism for the
lower counts. Van Langevelde et @018)found tha Dutch moths were more likely to have
declined since 1985 they were nocturnal and more attracted to light; diurnal species and
nocturnal species that are not attracted to light were found to be largely stable. ALAN may be
an overlooked key driver of nio decline(Owens et al., 2019nd it has been suggested that
street lighting should be used only when necessary and should consist of dimmed, warm
coloured lights to reduce the impact emoths and other insectd.ongcore et al., 2015, Poiani

et al., 2015)

1.3.4 Climate change

The effects of climate are highly variable and some moths are evidently benefitting from the
increasingly warm weathetaking the opportunity to expand their range northwar@attisti

et al., 2005, Mason et al.,, 2015nd complete additional generations within one year
(Altermatt, 2009,Fletcher, 2006, Macgregor et al., 20198y other moths, the warmer,
wetter winters may be detrimentg/Conrad et al., 2002, Conrad et al., 20@3veral studies
have found a link between moth decline and overwintering stage, with species that
overwinterin an immature form (especially as an egg) more likely to decline than the few
specieshat overwinter as adult@Conrad et al., 20045roenendijk and Ellis, 2011t)is known

that winter temperatures can affecthe abundance of insects later in the yd&ell et al.,
2015) and warm wintertemperatures have been linked tchigher winter mortality in
butterflies (Klockmann and Fischer, 2019, Stuhldreher et al., 2014, WallisDeVries et al., 2011)
For montane and northerly species, the warming climate is likelfarialsthe extent of their
ecological niche whitis cited as the cause of their decline in recent decd@esirad et al.,
2004, Fox et al., 2014, Morecroft et al., 2009)the case of the Wall butterflydsiommaa
megerg, the warming climate appears to besponsible for their decline because of
disruption to their phenologyVan Dyck et al., 2015Fhanges in thehgnology of insects in
relation to climate change has been demonstra{@ll et al., 2019, Thackeray et al., 2016)
and it is hypothesised thaphenological mismatches between taxa could have tiega
impacts on insect population®onnelly et al., 2011)The negatig effect of phenological

asynchrony has been denstrated in the Winter Moth@perophtera brumatp(Visser and
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Holleman, 2001 )but effects are likely to vary widely beéen speciegForrest, 2016)Watt

and Woiwod (1999ound no evidence for phenogical asynchrony in British moths as year
to-year variation in moth abundance was no different fllose species whose larvae emerge
around budbust and those who emerge at other times of year. Although the effects of
phenological asynchrony are demoradtty real in some taxa, it remains unclear asuhat
extent phenological asynchrony is a permargichanging feature of the natural world rather

than a result of climate change in recent decaff®snger and Parmesan, 2010)

1.3.5 Nonnative species

Invasive species ara key driver of biodiversity loss worldwidedatheir negative effects on
ecosystems in the UK are wkliown. For moths, the proliferation of nemative woody plants

in woodlands can reduce foodplant availability for Lepidopteranaarand result in a
reduction in moth abundance and species richs@&dlec et al., 2018Dvergrazing by both
native and nomative deer can reduce foodplant availability within woodlands, although the
evidence for thisas a driver of decle is sparse(FuentesMontemayor et al., 2012)For
spatially restricted habitat specialists, the effects of invasive plant species can be large, such
as for the Slender Scotch Burnéty@aena lo)i where its habitat has beecolonised by
invasive Cotoneastershrubs(Fox, ®13) Invasive pedators such as the Harlequin ladybird
(Harmonia axyridisalso have the potential to impact moth populations through predation,

but this has not been demonstrated.

In contrast to this, the spread of novel plants into the UK has aticsexeral species onoth

to exist here which otherwise would not. For example, the cyple&SRAY 3 Y2 1 K&
ShoulderKnot (ithophane leautie)j Cypress Carpeflljera cupressajaand Cypress Pug
(Eupithecia phoeniceatall feed on the apparently lmegn cypress treethat are planted

ornamentally in parks and gardens.

1.4 Conservation measures

While the preservation of large areas of natural habitat is the ideal for the conservation of
most species, the reality in the UK is that over 70% of laead & under some fon of

agriculture (DEFRA, 2018 ffective conservation of moths and other taxa in the UK must
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therefore include agricultural land within its strategy. Conservation measures gutigrally
productve land can often be divided into two categories: land sharing and land sparing
(Phalan et al., 20117 bnd sharing stratgy involves low intensity wildlifgiendly agriculture
where the two objectives of conservation and production both occur on the same piece of
land. A land sparing strategy involves dividing land into one category or the other, where
sonme land is used iminsively and is largely hostile to wildlife, and some land is left as natural
habitat. However, the dichotomy between the two strategies is often not eted&Herzog

and Schuepp, 2013r&men, 2015)For example, conservation measures on farmland do not
always come at a production cost and often have the potential to enhance production
through ecosystem services such as pollination, pest control and soil conser{&atians,
2006, Pywell et al., 2015, Tschumi et al., 20Bg@)tenvironment schemes (AES) are widely
used in Europas a way of mitigating against biodiversity loss in the agricultural landscape
while at the same time providing the esystem services mentioned. These schemes offer
financial rewards to farmers for carrying out practices that benefit wildlife and the
environment. Measures can include, among other things, the creation and sympathetic
management of hedgerows, the reductiarf fertiliser inputs into grassland or, as is the
subject ofChapter 4of this thesis, the creation of sown buffer strips of gg#s or wildflowers

in field margins. AES came into effect in arable land in England 2002 and underwent an
expansion in 2008Grice et al., 2006) The effects of these schemes on groups such as birds,
pollinating insects and predators of pests are relatively ‘stltlied, with results that are
gererally positive but often with some variatigileijn and Sutherland, 2003, Kleijn et al.,
2006, Marshall etal., 2006) The effects of AES on moth populations remain relatively
understudied, but research so far suggests positive regalison et al., 2016, Merckx et al.,
2012b)

1.4.1 Field margin creation

A field margin is typically defined as the vegetation occurring between the edge of a crop and
the boundary of the field. For the purposes of this thesis, a field marginsrefty to the low
growing vegetation and excludes any boundary feature such @gdseor walls. Field margins

and hedges are a key feature of the British landscape, and in intensively farmed areas they

often represent the only semmatural habitat. Theyra thus a vitally important resource for
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wildlife (Marshall and Moonen, 2002nd serveimportant ecosystem services by providing
nesting sites and alternative food wmes for pollinators and predators of agricultural pests
(Wratten et al., 2012)in the postwar period, many field margins were destroyed or degraded
due to agricultural intensificatiorfRobinson and Sutherland, 200For example, many
kilometres of hedgerows and their associated field margins haes bemoved in order to
increase the size of fields. Changes in farm machinery treeant that crops can be sown
right up to the edge of the fields, further reducing the width of the field ma.dgturthermore,
insecticides, herbicides and fertilisers applto the crop can drift into the field margins,
reducing floral diversityKleijn and Verbeek, 200@nd negatively affecting invertebrate
communities(Braak et al., 2018, Hahn et al., 2015)

Agrienvironment schemes aim to restore the biodiversity value of field margins while at the
same time providing ecosystem services to the farm. In England, current AES guidelines
(under @untryside Stewardship) allow for several types of field margiudiob simple grass
mixes, pollen and nectar mixes and various types of wildflower(BEFRA, 20194 large

body of research compangspecies richness and abundance of insects in different types of
field margin is availabl@Haaland et al., 2011While the abundance ahdiversity of many
invertebrate groups are enhanced by the moledlly diverse margins, this is not always the
case. For exampl®amsay et al. (200fund that planthoppers (Fulgoromorpha) were more
abundant in plain grass plots compared to two typd<florally enhanced plots. Although
certain taxa may favour ceritatypes of field margin, field margins typically support a much
higher abundance and diversity of insects than does the crop which the margin replaces
(Haaland et al., 201 1yvith the exception of certain groups such as carabid beetles which are
sometimes more abundar{pr more active)n the crop(Birkhofer et al., 2014)The value of

field margn habitats fornocturnal moths remains understudied in comparison to other
invertebrate groups, and studies comparing the relative value of different types of field

margin are yet to be caed out.

A study byMerckx et al. (20094dgsted the effect of 6 m tussocky grass margins and hedgerow
trees on the abundance afine species of common moth. They found that abundance was
40% hgher in field magins with 6 m grassy strips in comparison to standard 1 m strips, with
the presence of a hedgerow tree having no efféterckx et al. (2009dpund that the effect

of the extended field margins carried over intell centres with 58% more inddaals
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captured in the centre of fields with extended margins compared to the control. The positive
effects of extended field margins were found to be greater for species with lower mobility
(i.e., those found to fly shortedistances in a capturmark-recgpture aspect of the same
study). This study was the first in a series of similar studies by the same authors and although
the subsequent studies also find generally positive effects of extended field margins, the

effects ae less clear.

The second study ithe series(Merckx et al., 2009bjound that extended field margins
significantly increased moth species diversity but not abundance. Hedgerow trees had a
greater effect on species divatysthan margins but neither intervention affected abundance.

A later study byMerckx et al. (2012bje-evaluated these findings with more experimental
data. They found that 6 m wide grass margins around arable fields significantly increased
moth species richness but did not affect overall mabundance; this was true both when
considering all specied moth or only those that feed on grasses and forbs. The presence of
6 m grass margins also resulted in a higher species richness of shrdlefadiag moths. The
authors suggest this may be dt®the presence of nectar resources in the margins and/or
the effect of buffering the hedgerows against chemical applications. The presence of
hedgerow trees also increased richness but not abundance, but this effect was much stronger

when considering aubset of species which fed only on trees and shrubs.

The finalstudy byMerckx et al. (2010a)nvestigated the same two habitat features but
focussed on 23 species of commmacromoth across 5 arable fields on ofe@m over one

year. Again, they found that abundance was not affected by the 6 m grassy margins compared
to control margins (both when considering all moths and grass#edaling species only);
although a signifiaat positive effect was detected for hedgow trees on shrub/tredeeding

species.

Apart from the first study in this series, extendeth@nargins did not significantly influence

the abundance of moths captured; although there were generally positive treBgscies
richness and diversity was higr in AES margins in the larger two studies where this variable
was measured. The presence of hedgerow trees had a consistently greater positive effect on
moth abundance and diversity compared to thenémargins; tis corroborates with studies

by (Kihne et al., 2015nd (Woiwod and Gould, 2008yho found that amount of woody
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vegetation aroud a trap had a much larger influence on moth abundance and diversity than

did amount of grassland.

Alison et al. (20168howed that moths with grassland habitat preference (24 spgciese

42% more abundant in® grassy margins compared to control margins, although there was
no significant difference in abundance of other types of moth (141 species). Abundance of
these 24 species of grassland moths in extended field margins was sanhe level recorded

in nearly chalk grasslands; although the abundance of chalk grassland specialist moths (15
species) was much reduced in grassy margins compared to the chalk grasslands.-Counter
intuitively, the abundance of negrassland moths was sificantly higher in the chalk

grasslands compared to field margins.

A study in Scotland took 18 pairs of farms with/without AES interventions and compared moth
abundance and richness at various habitat tyflesentesMontemayor et al., 2011)They
detected a significantly higher abundance and richness of amwths in the AES angins
compared to control magins, although no significant effects were detected for mawoiaths.

In this study, they also looked at AES watergins which leave ar@ buffer strip between
crop/grazing land and a water body. For this habitat, the abundaof both macre and
micro-moths was higher in the AES treatment than the control, but species richness was not
affected. FuentesMontemayor et al., (2011) also investigated the effect of laisé at
various radii surrounding the traps and found that thest important predictor washe
amount of seminatural habitat with 250 m of the trap. Here, rough grassland and scrub had
a significant positive effect on species richness and abundance on-matis. However,
macro-moths did not show the same trendebefitting in species richnesisut not abundance
when rough grassland and scrulere in close proximity. Fuentédontemayor et al., (2011)

also compared speciggch AES grassland to conventional grassland and found that-micro
moth abundance and richnesgas significantly higher in SEgrassland; as was maermth

species richness, but again abundance did not show a positive effect.

Overall, these studies suggest that the species richness and abundance of moths have the
tendency to be higher in AES marginsomparison to control mangs, but the differences
are often small, nossignificant or unclear. In the studies mentioned above, AES field margins

had a significant effect on macraoth species richness/diversity two out of the three
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studies in whichrichness/diversity was measen. For macrenoth abundance, a positive

effect of AES margins was detected in dalg out of sixstudies.

1.4.2 Reduction in chemical input

A key component of organic agriculture is the prohibition of the use of synthetaitlyed
chemicals. Under ost organic certification schemes, the use of certain pligrived or non
synthetic substances such as copper sulphate are allowed, but aieallypused in
moderation(Trewavas, 2001)rganic agriculture is often promoted as an environmentally
friendly method of 6od production, and it is hoped that the reduction of both synthetically
and nonsynthetically derived insecticides will allow for larger p@pioins of nonpest insects

to exist within farmlanqReganold and Wachte2016) While the benefits of organic farming
has been demonstrated for a range of insect fa(fr@ber et al., 1997, Holzschuh et al., 2007,
Taylor and Moecroft, 2009)the effects of organic agriculturat the farm scale are often
unclear(Fuller et al., 2005a, Hole et al., 200%here have been several studies comparing
moth populations on organic farms to conventional farms, with mixed results. A study in
southern Canda (Boutin et al., 2011gompared eight organic and eigtonventional arable
farms and found no difference in the abundance of moths in hedgerows. Neither was there
was a difference in moth abundance or species richness in the field centres across farm types.
The only significant difference reported was anr@ase in the species richness in the family
Notodontidae at hedgerows in organic farms compared to conventjdnglas the authors
made no adjustments in the model for multiple comparisons, it is likely that this result is a
chance occurrence. A study time UK sampled moths in 42 paired cereal fields (21 organic
and 21 conventional) and found no overall differesdn moth abundance except for the
Geometridae family which was significantly more abundant on conventional f@Potwock

and Jennings, 2008)

In contrast,Wickramasinghe et al. (200dpmpared the abundance of moths acrossp2drs

of organic and conventional farms that consisted of both arable and pastoral habitat. They
found that the abundance of noctuid, geometrichch arctiid moths was higher on organic
farms, but only in the pastoral habitat; no such effect was detectablarable habitat.
Jonason et al. (2013)und a transient peak in moth diversity on farmseafconversion to

organic, with peak diversity occurring on farms that had been organic for lessithyears.
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Farms that had been organic faver 15 years were equivalent in moth diversity to
conventional farms. A study byaylor and Morecroft (2009%acked the abundance and
richness of severabka on a farm transitioning from a conventionally managed farm to an
organic farm with AES habitats from 1994 to 2006, following conversiorgmar farming in

2002. They found significant increases in abundance and species richness of moths and
butterflies. However, as well as the cessation of chemical inputs, there were major changes
to habitats including a conversion of arable land to kiljersity grassland, so the increases

in biodiversity cannot be attributed to its organic status alone.

From thestudies reviewed above, there is very little evidence to support the hypothesis that
reductions in synthetic agchemical applications result anhigher abundance and diversity

of moths. Although organic farming has the potential to increase biodiveasithe local

scale, it can be argued that in organic systems larger areas of land would need to be brought
under cultivation to produce the samamount of yield; resulting in a net loss of biodiversity
when compared to a strategy of combining conventicaiiculture with some land set aside

for habitat(Gabriel et al., 2013, Hodgson et al., 2010)

1.4.3Reduction in grazing intensity

As stated in sectidh3.1, grazing intensity affects different species in different ways and
moderate levels of grazing are advantageous to many species, but genataligjve grazing

is deleterious for biodiversityThis was demonstrated biyittlewood 2008)in a Scottish
upland estate. They fountthat moth abundance was increased by 50% and species richness
increased by 20% when grazing intensity was reduced from the standard commercial stocking
density. Rckert et al. (2012found similar results but also noted that the effects of low
stocking density were no different to that of abandonment, which again suggests a tipping

point in terms of grazing intensity.

1.4.4 Hedgerow management
Hedgerows are a villg important part of the British countryside and often represent the only
permanent woody vegetation within intensively farmed areas. As well as providing breeding

sites for moths, they act as corridors between other habitat pat¢esilthard et al., 2016)
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While it is very clear that moth abundance anwetsity is enhancedy the presence of
hedgerows(Boutin € al., 2011) the way in which hedgerows are managed also determines
their value to mothsFroidevaux et al. (2018und that the abundance and species richness

of tree/shrubfeeding moths increased with the time sinttee last cutting. Bnilar results

were found byStaley et al. (2016)ho also noted the advantage of cutting hedges later in
the year (inwinter rather thanautumn). These studies show that the effects of hedgerow
cutting regime on moths tend to be quite subtle and limited to the species that feed on the
hedgerow plants. A study yacey et al. (2014pund mixed results of cutting regime on moth
larvae, with no effect on freéving larvae, but a greater abundance of concealed larvae (e.qg.,
leaf-miners)on more infrequenty cut hedgesFuentesMontemayor et al. (201)ifound no
effectof AES subscriptions to hedgerows on moths. Overall, it appears that moth abundance
and richness can be enhanced by reducing the cutting rate of hedges and cutting them in
winter rather than autumn, although the effects of these praes on moths are léty to be

small.

1.5 Research objectives and thesis structure

The decline in moths that has occurred in the UK and other nogstern European nations

is likely to have negative consequences for ecosystem functioning, such as rddaded
availability br birds, small mammals and other invertebrat@4sser etal., 2006)and the
pollination success of wild flowering planBettersson, 1991, Young, 200Agricultural
intensification is often cited as the key driver behind thesssés, but studies directly
supporting this hypothesis atacking(Fox, 2013)In order to address theetline in moths, it

is important to know which of the hypothesised drivers are the most influential and what
measures, such as agmvironment schemes, can be taken to reduce their negative effects
on moths as well as other insects. The main aims ofttlasis fall into two parts. 1) To
determine whether the decline in moth populations is primarily due to agricultural
intensification Chapter 3, and 2) To determine whether field margin agnvironment
schemes are an effective tool f@onserving moths in farmlandChapters 3 and )4 The
experimental portion othis thesis is split into 3 chapters; the aims and objectivesioth

are presented here.
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1.5.1 Chapter 2 The effect ofanduseand species traits on the logrm trends of
abundance and diversity of moths in the UK

Background: Moth populations ihé UK have declined since 1968 with the strongest declines
in thesouth andsouth-east(Conrad et al., 2004, Conrad et al., 2006, Fox et al., 2D&8)ines

in moths, butterflies and other insects have beetkdd to agricultural intensification in other
north-western Europeanauntries(Habel et al., 2019b, Seibodd al., 219)and agricultural
intensification is widely postulated as the key driver of moth decline in théRdK, 2013)

This hypothesis is supported by the fact that the south and seast of the UK is primarily
arable, which has arguably undergone more severe intensification than otheukentypes
sincethe 1960s. This chapter uses historical moth data collected by the Rothamsted Insect
Survey to test the hypothesis that moth declines have been the most severe in the most
agricultural intensified parts of the country since 1968 and have beast seerein more
semknatural areas such as broadleaf woodlands. The interaction between species traits and

habitats is also examined.

Aim 1: Assess whether overall population trends in moths have been more severe in intensive

agricultural areas ankbss segre n seminatural areas.

Aim 2: Test whether individual species traits such as feeding guild and wingspan influence

their population trends in different habitats.

1.52 Chapter3 ¢ Design and testing of a lewost UV LED motinap
BackgroundEcologichexperiments on moths typically use a 6 W Actinic Heath trap for
sampling(FuentesMontemayor et al., 2011, Merckx et al., 2012Fheg traps have been
shown to have amallattractive radius (< 3én), making then appropriate for sampling very
specific areagMerckx and Slade, 2014, Van Grunsven et al., 2044)these are niche
products, they are expensive, so a lovoaist equivalent would be preferable for stediusing
many of these traps. Furthermore, it is not known what proportion of captured moths escape
during the night, resulting in undestimates and noise in the data. An improvement to the

design could prevent the moths from escaping. In this chaptelesagn fo an ultraviolet
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(UV) LED mottrap is presented. Comparisons are made between three prototypes eBDV
trap: a standard dsign, an automatically closing trap and atkdlp. The attractive radius and
the abundance and community composition ofoths atracted to a UVLED trap are
compared to more widely used traps. This chapter acts as a foundation fordhdieldwork

secion of this thesisChapter 4, as the U\LED traps are used throughout.

Aim 1: To compare the attractive radius and community composition of moths captured in a

UVLED trap to more frequently used moth traps

Aim 2: To determine the percentage wioths thatescape a trap during the night and to

modify the trap to prevent escapes

1.53 Chapterd ¢ The effect of florallgnhanced field margin strips on moth

abundance and diversity

Background: While it is known that field margins can enhance thaddnce andliversity of
moths at the field or fan scale(Alison et al., 2016, Merckx et al., 2012thle mechanisms
behind this enhancement are unknown. For instance, the field margins may be providing
larval foodplants, rapsting sites or nectar resources and may be acting as a buffer between
hedges and the crop, reducing the chemical drift and distnde to moths in the hedge.
Moths may also be mainly using field margins and hedges as dispersal cai@dolthard et

al., 2016)rather than a resource in their own right. Moth abumdz and diersity across
different types of field margin has not before been studied. As space for field margin
vegetation in arable farms isnited, it is important to know how to provide the most effective
and resourceich habitat on the land availahleln this tapter, the abundance and
community composition of moths in differing field margin types is assessed using two
techniques: trappin@nd nocturnal transects. The effect of the field margin type is considered
within the context of the surroundinndscapeThe utilisation of nectar resources by moths

is also quantified and the density of larvae in different field margin typestimaed.
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Aim: Assess whether the provision of nectar resourceshastplantdiversity enhances the

value of field maginsfor moths.

Objective 1: Compare the abundance of moths in adnttlarval stages across three
field margin treatment types: grass onlgrass enhanced with motpollinated

flowers, anda diverse wildflower mix.

Objective 2: Determine whether mothgeaencouragd to utilise nectarich grass
margins over nectapoor grass margins by comparing rates of ovipositing and mating

behaviour acros margin types.

Objective 3: Record the frequency of neetaeding in moths through observations
during transectsDeterminethe preference of moths for different types of wildflower

and assess whether sown flowers are utilised more or less thaisesded flowers.

Objective 4: Determine whether the abundance and community composition
estimates using the two technigs (trapsand transects) are in agreement and assess
whether the techniques are influenced differently by different factors, e.g.,

surrounding laneuse.
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Chapter 2
¥

The clfect of land-usc and specices traits on the long-tecrm trends of

abundance and diversity of moths in the UK



Chapter2. The effect ofanduseand species traits on the lotgrm

trends of abundance ardlversity d moths in the UK

2.1 Abstract

The total abundance of moths in the UK has declined since standardised recording began in
the late 1960s, but significant variation tikends exist among species and between regions
and habitat types. Previous wohas showrthat species with certain lifaistory traits are

more likely to decline than others, and that negative trends are more severe in the south of
the country. Recent studies have also suggested that declines are less severe in agriculturally
intensive areasThere has been little researdhto the interaction effects between species
traits, habitat and regionFurthermore, the longerm trends in species richness and diversity

are largely unknown. Herehe interaction effects of species traits,htat and egon (north

vs south) are inveigated, and the effect of habitat and region on the letlegm trends of
species richness and diversity are modellBotalUKmoth abundance declined b$6%from

1968 ¢ 2016. Of the severhabitat typesanalyseddeclines vere least severe in the most
agriculturally intensive areas-18% in arable land aneB4% in improved grasslands). In
contrast, abundance declined b¢#4% in broadleaf woodlandnd by-n p:'2 Ay W2 (i KS NJ
Yy I G dzNJ f .Spekids dichness @rivdrsity delined significantly in broadléavoodland
(by-12.5% and9.7% respectivelyin contrast to all other habitat types in which richness and
diversity were either stable or increasinyends in abundance, richness and diversity tended

to be morepositive inthe north, with overall speciaschness significantly increasingthis

region Interaction effects between species traits and habitat were mainly-significant
although species that feed on grasses and-tpawing plans fared better in wlands
compared to other habitatsShading and ovegrazing by deer were investigated as drivers of
declinein woodland but therewas no evidence that species that feed on igmwing and
shadeintolerant plants declined more in woodlands than in othebtats. Clmate was also
investigaed as an interaction effect but this was also largely -smmificant. A significant
negative effect of warm winters was detected, suggesting that climate change should be

further investigated as a potential driver of niotlecline.
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2.2 Introduction

The deline of insect abundance in the UK and elsewhere in Europe has been attributed
primarily to habitat loss through agricultural intensificati@fox et al 2013, Groenendijk and
Elis, 2011 Habel et al., 2019a)Iin the second half of the #0century in the UK, many miles

of hedgerows and their associated field margins were remove@ctitsde and herbicide
applications increased and fallow land became saafBeatman et al., 2007, Robinson and
Sutherland, 2002)Furthermore, the loss of important habitats such ag-hseadows had an
undeniable negative effect on insect populations, including m¢bwx, 2013)The sudden
changes that occurred in the 1950s are demonstrated by theRothamstednsect Survey
(RIS) moth trap: a lighitap run in the 1930s and 40s that was decommissioned during the
entire 1950s. Whn it started up again in the 1960s, it was found that the annual catch had
dropped by-71%(Woiwod and Gould, 2008Wnfortunately, the evidence prided by me

trap does not allow for generalisations across the whole country. However, since the mid
1960s, the RIS has run a sfandised network of traps that have produced highly robust
trends of moth abundance and have found that the decline notetheearly1960s has

continued to the present dafBell et al., 2020, Conrad et al., 2006, Harrower et al., 2019)

Two recent studies have challenged the assumption that agricultural intensification is the
main diver behindthe post1960s moth declineMacGregor et al. (2019bpund that,
contrary to abundance trends, the total biomass of moths increasgitly between 1967

and 1982 and declinedfrom 1982 to 2017 but remains higher than its 1967 level.
Furthermore, when the sites were split into four habitats: urban, woodland, grassland and
arable, it was shown that the ped4©982 decline did not occur in ar&bland, butrather,
biomass remained stable. Likewigell et al. (2020jpund that moth abundance in farmland
showed no significant direction&end, whie it did decline in woodland, urban and coalt

sites.

While it is surprising that moth abundance has not declined in arable sites, it is perhaps more
surprising that moths have declined so severely in woodland sites. This decline is unéxpecte
as previas studies suggest that species with a prefece for woodland habitat and those

that feed on broadleaf trees were less likely to decline than other species, both in the UK
(Conrad et al., 2004nd elsewhere in Europ@ranzérand Johannesson, 2007, Potocky et

al., 2018, Valtonen et al., 201 7Mhe area of broadleaf woodland in the UK has increased since
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the 196094DEFRA, 2013 habitat loss in a broad sense is unlikely to be the cause. However,
woodland structure has undergone substantial changes sincel8&®s. The cessation of
coppicing and the increase in degrazing pessure has led to a sparser and more shaded
understory with a larger proportion of mature canopy trees and fele&r-growing plants

and shrubg(Fulle et al., 2007) Invasive species such Bhododendrorponticumand the
planting of exotic conifers for timber may also have influenced the moth trend that we
observe. In line with thesstructural changes, the previous studies mentioned al{@anrad

et al., 2004, Franzén and Johannesson, 2@0ahd that species that feed on grasses and

forbs were more likely to have declined than those that feed on woody vegetation.

Several species traits are assted with dedine in moths, some of which are shared by
butterflies (seeTable S2. for an overview). Decline is associated with species that feed on
shrubs, grasses and forbs, those that prefer mamvodland habitaf overwinte in an
immature stage(Conrad et al., 2004nd have a larger wingspgfoulthard et al., 2019)
Additionally,species thafeed on nitrophobic or photophilic plants, or both, are more likely
to have declined in distributio(Fox et al., 2014)t is not known whethethese trait that
predict decline act equally across all habitat types or are habjatific. The interaction
between spe@s traits and habitat is an important knowledgap in understanding the

mechanisms behind moth decline.

The effect of climate omoth populdion change is not well studied. While warm and wet
winters have been linked to declines in butterfl@gockmann and Fischer, 2019, Stuhldreher
et al., 2014, WallisDeVries et al., 201the decline ofthe GardenTiger moth, Arctia caja
(Conrad et b, 2003)and a rediction in noth species richnesglurner et al., 1987)no
equivalent studies exist for UK moth abundance as a whtdater et al. (2014jound that

moth per @pita growh rates were negatively associated with weather variables associated
with climate change (i.e., increased temperature and precipitation) in northern Finland.
However, moth populations had remained mainly stable or increasadgesting that the
drivers ofchange, in this case, were factors other than the direct effects of climate. Likely, the
stage in which the moth overwinters interacts with climate varialiésnrad et al., 2004ut

this has not been tested for moths. To better unskand the drivers of mth decling it is
necessary to model population trends in as many habitats as possible and to understand how

species traits interact with these habitats and with climate. Furthermore, it is necessary to
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address the knowledggap regading species richnesand divergy in the UK. While it is
known that the total number of species inhabiting the UK has increased since the (Fa&&0s

et al., 2013)likely due to the warming climate, it is not known whether sipecific richness

and diversity have also increased. In this chapter, the interactions between key habitats and
species tras are modelled so it inferenes may be drawn. The effect of climate and its
interaction with habitat is also modelled. Finally, changes in species richness and diversity are,

for the first time, modelled to produce both national and habisgecific imlices of change.

Hypdhesis

A canposite hypothesis is tested, tha} SEpecies abundance and diversity trends differ in
direction and magnitude across habitats, and ii) Change in species abundance trends are
associated with certain moth traits, climate arefjion A descriptiorand break@wn of the

hypothess to be tested ee presented inrable 21.
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Table 21. A description of the composite hypothesis to be testeddnapter 2.

Hypothesis

Explanation

la. Mothabundanceand diversity has
changed over time (19682016).

1b. Changes in moth abundance and
diversity vary by habitat and by latitude.

Trends in abundance and diversity respor
to land-use change and climate change.
These changesalve affected differen
habitatsand latitudes differently.

2a. Species that specialise on grasses, fo
and shrubs have declined more in broadle
woodlands than in other habitats.

2b. Species that specialise on photophilic
hostplants have declined more broadleaf
woodlands than in ¢her habitats.

Broadleaf woodlands have become more
shaded and more browsed by deer since
the 1960s, resulting in an understory mort
devoid inlow-growing plants; especially
photophilic plants.

3. Species that specialise on nitrophobic
hostplants have delined more in arable
and improved grassland sites than in othe
habitats and vice versa for nitrophilic
hostplants.

Application of nitrogen fertiliser to
farmland has resulted in a plant species
composition shift towards more
nitrophilous plans.

4. Mothswith higher habitat specificity anc
hostplant specificity have declined more
than generalist species, especially in rare
more isolated habitats.

Generalist species are generally better ak
to adapt and thrive in changing
environments. Spees with speialist
habitat requirements are more likely to
decline under environmental change.

5. Moths with smaller wingspans have
declined more in discrete habitat patches
G6O0NRI Rt SIFT ¢22sBhil yF
Y6 G0dzNF £ Q KFoAdGlFGa
habitat (arade and improved grassland)

Habitat fragmentation has adverse effects
on species with low dispersal ability, i.e.,
small wingspans.

6. Climate variables (temperature and
rainfall) affect annual moth abundance.
Warm, wet winters have adverse effts on
moths, and this varies according to
overwintering stage.

Warm and wet winters are known to
negatively affect the survival rate some
Lepdopterac possibly due to increased
vulnerability to fungal pathogens. Some
overwintering stages may be more
vulnerable than others

2.3 Methods

2.3.1 Moth data

Moth records from 19682016 were extracted from the RIS database for every site in the UK
including the Isle of Man but excluding the Channel Isles. Sites from the Republic of Ireland
were excluded duea sparsenesof sites and lack of comparable lande data. The RIS

network consists of standardised ligttaps that operate every night of thgear. The traps
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use a 200 W incandescent tungsten bulb situated at 1.2 m above the ground and have a roof
that prevents Ight from shining upwards to avoid attracting moths passing overhead. The
design, described iWilliams (1948has remained unchaged since the inception of the
network, making catches directly comparable throughout the tiseees. Moths &
captured every night and are either identified daily or are combined into rdalyi catches,
depending on trap operator. As the sites are mauntarily, sites vary in length from 3 to 48
years, resulting in 349 sites used from which all manaths reorded were included in the

analysis.

2.3.2 Land use data and habitat allocation

Land use data (25 m raster data) was extracted from the LanerGtap 2015 (LCM2015) for

Great Britain(Rowland et al., 2017agnd Northern IrelandRowland et al., 2017b)Jsing

ArcMap version Q.4 (Esri, 2018)uffers were drawn around each site using 500 m radii. The
intersections of the land cover and each buffer were calculated and tabulatedwgitedirst

divided into upland and lowland using 300 m in alié as a cubff (INCC, 2015)s very few

sites (n = 15) were &00 m or higher, no further habitat subdivisions could be made for this

group, so all 15 sites were categofse | & WdzLJt  YRQ® h¥F¥ GKS NBYFAYA:
categories were allated based on the modal (i.e., dominant) land cover type (exudu

marine systems) within the 500 m radius: (1) arable, (2) conifer plantation, (3) broadleaf
woodland, (4)mproved grassland, (5) other sematural and (6) urbanHig. 21). Table 22

shows how the habitat types were allocated based on the modal LCM 2015 land cover type.
Thehabii G OF G SI2HNB (WAL KON 4 8WK2dzaAK Al Ay Of dzRS A
are all open, typically lowautrient environments that sefe as a contrst against the other

habitats. To avoid ambiguity, this habitat type is always written in indedemmas when
NEFSNNBR (2 Ay (KS G(GSEGo® ¢2 221 G GKS SF¥FF$S
north and south at the 4500 dridline on he British National Grid (roughly 53.9° in latitude),

following Conrad et al. (2006)rable 23 shows the distibution of sites across the seven

habitat types and two regions.
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Table 22. Habitat classification according to theCM 2015The seven habitat types used for analysis
in this chapter (Habitat allocation). For each site, thedaldand cover type within a 500 m radius
according to the LCM 2015 was extracted. The tah®vs how many sites of each LCM 2015 land
cover tyge are allocated to each of the seven habitat types.

Altitude class LCM 2015 Number of sites Habitat allocation
Acid grassland 6

Upland (300 m Bog 2

orphighe(r) Coniferous woodland 2 Upland
Improved grassland 5
Arable am horticulture 70 Arable
Coniferous woodland 12 Conifer plantation
Broadleaved woodland 48 Broadleaf woodlad
Improved grassland 115 Improved grassland
Acid grassland 2
Calcareous grassland 1

Lowland Heather 2

(lower  than| Heather grassland 4

300 m) Littoral sediment 1 Otherseminatural
Neutral grassland 1
Saltmarsh 3
Supralittoral rock 1
Supralittoral sediment 1
Urban 8
Suburban 65 Urban
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Fig. 21. Location of the 349 RIS mothap sites within the UK used in thistudy across seven habitat
types.The size of the point is proportional to the number of years the traparabetween 1968 and
2016. The dashed line shows #&00 Northings gridline that was used to divide the country into north

and south.
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Table 23. The number of sites allocated to each habitat type within each region (north artispin
the UK.

Habitat North South Total
Arable 10 60 70
Conifer plantation 8 4 12
Broadleaf woodland 21 27 48
Improved grassland 38 77 115
Other seminatural 6 10 16
Upland 10 5 15
Urban 13 60 73
Total 106 243 349

2.3.3 Species traittata

The following species traits were extracted frowaring and Townsend (201@nd
supdemented by information formSterling and Henwood (2020§1) Feedig guid, (2)
Feeding specificity, (3) Habitat specificity, (4) Overwintering stage, (5) Host plant Ellenberg
value for nitrogen, (6) Host planti&nberg value for light, (7) Forewing length. The association

of the host plants with nitrogen and light wegeiantified using Ellenberg numbers extracted
from Hill et al. (1999)Ellenberg values were only ustdl moth species with three or fewer

host plants. When species had betwee &ost plants, the mean Ellenbengmber of the

host plants was used. Only species that had at I88shdividuals caught across the entire
time series were included in traitsadels as there is insufficient data to model scarce species
and their contribution to the overall trends are gkgide. Table 24 describes the levels of
each trait, including a description of which plant speci&MB RSFTFAY SR | a4 Wi N

Table S2 presents a list of eacimoth species with its associated traits.
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Table 24. Moth species traits used in this study with descriptions of theels within each trait.

Level oftrait

Notes

Feeding guild Conifers

Feeds exclusively on coniferousés
and shrubs

Broadleaf shrubs

Feeds exclusively on broadleaf shrub
Ly GKA&a OFasSz F
that does not exceed 15 min
maximum height and is typically not &
canopyforming plant in mature
woodland. E.g., hawthorn, blackthorn
hazd, elder, privet, rowan, rose,
bramble, currant, spindle, heather,
gorse, broom, grey willow. This
category also includes species that
feed exclwsively, or preferentially, on
low regiowth or small treeg e.g., Puss
Moth (Cerura vinulpon low regrowth
of poplars, willows and aspen.

Broadleaf trees

Feeds exclusively on broadleaf trees.
GKA&a OFasSsz | WiNE
exceeds 15 m imaximum growth and
is oftencanopyforming when growing
in mature woodland. E.g., ash, beech
oak, lime, elmhornbeam, birch,
poplar, field maple, alder, white
willow.

Broadleaf polyphagous Polyphagous on both broadleaf trees
and shrubs.

Woody polyplagous Polyphagous on bothroadleaf and
coniferous trees and shrubs.

Forbs Feeds exclusively on herbaceous
plants, excluding grasses.

Grasses Feeds exclusively on grasses, includi

reeds and sedges.

Herbaceous polyphagous

Polyphagous on both grassasd
forbs.Foodplants can include bramble
honeysuckle and heathers, but
hostplants must be primarily
herbaceas.

Highly polyphagous Feeds on a range of both woody and
herbaceous plants.

Lichens

Mosses

Other E.g., stored foodstuffs, fungi, wool,
O0ANRQa ySadao

Unknown
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Trait

Level oftrait

Notes

Feeding
specificity

Monophagous

Feeds on strictly one species of
hostplant.

Oligophagous

Host plants are all within the same
plant family. E.g., feeds on willows ar
poplars, or, feeds ofsallium sp, etc.
Also includes speci¢lat are usually
monophagous but are known to use
other hostplants.

Polyphagous

Feeds on multiple plarfamilies, but
always either woody or newoody
plants never both.

Highly polyphagous

Feeds on a range of both woody and
non-woody plants. This imades
species that feed on woody plants
during one larval stage and herbaceo
plants during anotheg e.g., tre Sallow
(Cirrhia icteritia)which feeds on
sallows/poplars and later on
herbaceous plants. Although this larv
strategy may be more limiting &m
being oligophagous, it is placed in the
WKAIKEte LI2telLXKI 32
consistency.

Habitat
specificity

An integer from X 8

The value equates to the total numbe
of the following habitat types in which
a species is known to occur: (1)
woodland, R) farmland, (3) coastal, (4
wetland, (5) unimproved grassland, (¢
heathland, (7) upland and (8)
gardens/parls.

Overwintering Adult
stage Pupa

Larva

Egg
Host plant 1¢9
Ellenberg value Only for species that feed on three or
for nitrogen fewer host plants: where there are
Host plant 1-9 more than one, the mean average

Ellenberg value
for light

value is used.

Forewing
length

Continuous variable (mm)
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2.3.4 Climate data

Climate data was acquired from the UKCPQ9, a Met Office datasetimioigthistorical daily
precipitation and temperature records in the UK at a 5 km resolution (Met Office, ZDig).

following six climate variables were calculated for each year in edeh (&) summer
temperature, (2) summer rainfall, (3) temperaturepkvious winter, (4) rainfall of previous

winter, (5) temperature of previous summer and (6) temperature ofvpres winter. All

values were expressed as a mean average daily reading fufr temperature and mm for
NFAYTFFEEf D W{dzYYSHNRSWHEYRSNIAYPR WAAYLBND 61 a
March. As moth activity peaks in mid/late July, this denifi Sy adzNBSR GKIF G (K¢

months included the flight periods of almost apecies.

2.3.5 Analysis

All statistical analysis was carried autR (version 4.0.1).

2.3.5.1 Estimating sitgear completeness
In order to maximise the amount of data awdile, incomplete sitgrears were used, and
missing counts were estimated ogi species flight periods. The data processing was as

follows:

Stepm® W5 SNAGSRQ yAIKGEe O2dzyda 6SNB OFf Odz | (¢
number of nights sampled.g., if one moth were caught over a thngight period, each night

would be recorded as having caught 0.33 moths.

Step 2. Eachcalendaryedrvi RA @A RSR Ayid2 pH ©6SS1ad 2A0KAY

nightly count was extracted for each speciegath site.

Step 3. Flight periods for each species in each year in eadbnrégorth/south) were
calculated using Generalised Additive Mod@ld (a8 0 ® ¢ KS Y EA YdzY WRSNA ¢
was modelled as a function of calendar week. Flight periods weledssa that the area
under each curve summed to 1. Each calendar week fdr specieg/earregion combination

now has a value equivalent to tipgoportion of the flight period that occurred in that week.
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Step 4. For each speciste® S| NJ O2 Y décifdsiied SY NDWEANRY KSNBO I
weeks in which the trap was rumg were extracted. As the dataset only included positive
counts, truezero counts had to be inferred. For each night (or rmiljht period) with a
positive count for any specieal] other species that were not caught that night were recorded

as zero. Weks for which no records existed were classified as inoperative. Week to be

classed as operative, at least one count, of any species, had to occur.

Step 5. For each speciste-year, each calendar week was matched to the appropriate flight
season fothat species in that year in that region (north/south). The totadgmrtion of the

flight period sampled for that specieste-year was then estimated as follows. Each week
within each speciesite-year has already been allocated as either operativenopérative

(Step 4). Each operative week for each spesitesyear was compared against the regional

flight period for that speciegearregion combination. For all operative wexkhe proportion

of the flight period that occurred within each week wagragted (Step 3) and summed. The
resulting figure is referred to frodd S NB 2 y@ SHFaNJ YORAYULE SGSy SaaQ | yR
0 to 1. Where a site was operative throughout thdiee flight period for a speciesite-year,

the siteyear completeness wasgual to 1.

{GSL) cd W{AGS AYRAOSa QsitesyBaiiy divding thedaAwlsunmytBtal ¥ 2 NJ
number of individuals of that species caught in that siéar) dividedby the siteyear
completeness for that species. For example, if 100 indat&l were caught, and sHgear
completeness was 0.8, then the resuly 3 WwaAiS AYyRSEQ ¢2dAZ R 08
estimated number of individuals that would have been cauwdd the trap been continually
running. Where sitgyear completeness is 1€i, complete), then the site index is equal to the

raw sum.Site indces are used as the response variable in all models involving abundance in

this thesis.

Note that a siteyearcan have different sitgear completeness scores for different species
within the same year. For example, if a trap is running throughout sunnes inoperative
in autumn, species with summer flight periods will have-ggar competeness score of 1,
whereas species with flight periods overlapping autumn will have ays@ée completeness

score of less than 1.
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As well as speciespecific annubabundances, total abundance of maarmths per siteyear

was also estimated in the same way, but with thédeing adjustments. Rather than counts

of individual species, the summed total of all moths captured per nigtg wsed. The first
andfinaltwog SS1a 2F (GKS &SI NJ owdzZ Ay $SS{4&4 MZI HZ
zeros were imputed to improve thstability of the flight period estimation. This method is
commonly used in modelling butterfly abundance tren@othery and Roy, 2001Yhis
technique is used to prevent theAM from extrapolating early and late season counts into
the middle of winter where there were no records, whialould result in spuriously large
estimations of the proportion of the flight season occurring in winter. This technique reduces
the influence ofmoths with substantial proportions of their flight periods in late December
and early January from models inviolg total moth abundance. Howewneas there are only
four species in this study for which this is the c&enistra vaccini€Chestnut)Conisra ligula
(Dark Chestnut)Operophtera fagata(Northern Winter Moth) andOperophtera brumata
(Winter Moth). Thetotal number of individuals calng of these four species accounted for
only 2.1% of the total number of moths recorded in the dataset (239¢26bf 11,298,188)

so the effect of this artefact is assumed to be negligible. Furthermore, three out of thesse f
species have the majority dfieir flight periods outside of December and Janu@gandle,
2019)and ae therefore less affected by tHfeght period anchoring. It is only the Winter Moth

that peaks in December, and this species accounted fgr@80% of all individuals recorded.

In all models, to prevent spurious estimations, apgciessite-year conbination which had

a completenessf less than 0.5 was omitted.

2.3.5.2 Species richness and diversity

Species richness and diversity weremstied using (individuabased abundance) rarefaction

in the INEXT packagEsieh et al., 2016)Theg measures are based on the Hill numbers (see
section4.3.6.2and Chao et al. (2014) Species richness (H = 0) is the estimated number of
species present at each site. s diversity (H = 1) is based on the Shannon diversity index

YR A& SELINBaaSR [a GKS ydzyo SNMNBEZX butdlihd SOG A G
NEFSNNBER (2 I a e wRBathSinsarAanc malinedr\eBaMgesKirs diMlersity

according to hhitat type and region were modelled using linear mixed models (LMM) and
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addiive mixed models (GAMM), respectively. The LMMs were used to test whether the
change in species richness/disgy was significant and whether there was a significant
interaction between year and habitat and/or region. The percentage change was calculated
using the predicted species richness/diversity in the first and last year of the time series.
GAMMs were run pmarily for visualisation and to supplement the information providsd

the linear models. The GAMMs were also used to test whether the basspeeies
richness/diversity differed significantly between habitat/region while ignoring the time
factor. Dataexploration revealed that the estimated species richness and diyevs#s
positively related to the estimated completeness of the sigar Fig. S2) so siteyear

completeness was included as an explanatory Wianall models to account for this.
Effect of habitat

To estimate linear changes in species richness and diversityingar mixed effects wdels

were run: one for species richness and one for diversity. Models were run using the Imer()
function in tre Ime4 packag¢Bates et al., 2018 b dzY o6 SNJ 2 F &ALISOASE 02 NJ
specie$) see above) per year was modelled as a function of the interaction between year and
habitat plus siteyear completenessyith random interceps for each site and each year. A
Gaussian error distribution was assumed. To test if the year:habitat intemacias
significant, the model was refitted with ML instead of REML and a nested model without the
interaction was comparedgainst the full modelith the interaction using a likelihood ratio
test. If a significant interaction was detected through modékdence (p < 0.05), then a post

hoc test was run using the emmeans packdbenth, 2019)to determine which slopes
differed significantly from zero. The emtrends() function was used to extract the estimated
year coefficient for each habitaalong with the 95% anfidence intervals. The slope was

considered as statistically significant when the 95% Cls did not overlap zer

Nortlinear changes in species richness and diversity were modelled with a GAMM using the
gam() function in the mgcv paaie (Wood, 2017) Species per year wanodelled as the

Fdzy OQlAz2y 2F GUKS AYOGSNIOGUA2Yy 06SG6SSy &@SIEN I yF
by = habit#), plus a parametriceffect of habitat, plus a smooth term for siear
completeness. Thiplate regression splines were used. Ramcdeffects for site and year were

included using simple random effect structusegh the6 & T argurNdBtévithin gam()

Effect of region
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Both LMMs and GAMMs were run as above but with region (north/south) replacing habitat
as the factor with which yeanteracts. There were not enough sites for most habitats to
include a region:habitat interaction, but there were at le@€ sites for both brodleaf
woodland and improved grassland, so these habitats were investigated separately. The
dataset was split ito two subsets: one containing only broadleaf woodland sites and one
containing only improved grassland sites. The sameeaisodere then run onhese two

subsets.
Overall changes in species richness and diversity

To determine how species richness and dsitgrhas changed across the country as a whole,
a final series of LMMs and GAMMs were run, whilst putting habitat and meggale due to
lack of model power. The model structures were the same as above but without any

interaction effects.

2.3.5.3 Total hundance trends

The R package poptreriknape, 2016yvas used to fit Generalised Additive Mixed Models
(GAMM) to model change in abundanceer time. This paclge uses the underlying mgcv
package and offers advantages over other abundance trend models such as Generalised
Abundance Index (GAI) or Generalised Additive Models (GAM) by including a random year
effect that absorbs yeato-2 S NUaBy2 | yR WRES SOa kI yiiKiG@ape ¥ GKS
2016) Simulations have shown that this technique reduces the likelihood of detectingea fals
trend. The model returns a single value for percentage change in abundance. A further benefit
of this package is that theignificance of shot#term trends within the longerm trend is
tested. When plotted, significant shetérm declines are displaydd orange and significant
increases in green. This allows important periods of change to be located within the time

series.
Effect of habitat

Eght models were run: one including all sites and one for each of the seven habitat types
separately. A tensorrpduct smooth for latitude and longitude, and altitude were included in

all models apart from sparsely populated habitatahets (i.e. coniferpf i I G A2y = - W2 1 KS1
YIEGdzNF £ Q FyR dzLJ yR KFEoAdGFGau @gKSNB GKS ay
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covah  1Sa®d Ly Fft Y2RStaz Iy FRRAGAZ2YIE NIyR2
term within the mgcv package. Aasting k value of 16 as used for the year effect, following

Fewster et al. (@00)who recommendghat nonlinear degrees of freedom should be one

third the length of the timeseries. Generalised crosalidaion within the mgcv package was

used to reduce the degrees of freedom down to the optimum value. A negative binomial error
structure was used,ral 95% confidence intervals were calculated using bootstrapping with n

= 5000 unless one of the intervals wasyclose to zero in which case n = 100,000 was used.

The poptrend package only models relative change rather than alesatbnge in
abundancewhich, whilst providing a robust comparative model approach, does not indicate

the true magnitude of the absote abundance. Yearly abundance in some habitats is likely

higher than in others, but this information is not reported whesing poptrend. Thudp

understand the effect of habitat and time on absolute abundance as well as the relative
changes, a singleABAM was fit using the mgcv package to model yearly abundance as a
function of the interaction between year and habitat wiah additional parametc coefficient

for habitat. Random effects were included for both year and site to account for repeated
measuSa dzaAy3d (GKS o6a I' aGNBé | NBHBdzYSyiod ¢KS Y2RS
confidence intervals, the raw data, atiite global geometric man annual catch to visualise

the change in absolute abundance across habitat types.
Effect of region

To undersand the differences in abundance change depending on latitude, the UK was split
into north and south, and a poptrend analg was run for the te regions separately. For
most habitat types, there were not enough sites in both regions to allow for a rdgibitat
interaction analysis. However, the improved grassland and broadleaf woodland habitats both
had over 20 sites in €& region, so a furthefour models were run: one for each of the two

regions in these two habitat types.

2.3.5.4 Speciespecific tends
For each species, the change in estimated yearly abundance was modelled using the poptrend
package as above, but excluding the latitudegitude and altitude effects to maximise the

number of species that could be modelled. Eight models were ruedohspecies: one for
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all habitats combined and one model for each of the seven habitat types. In addition to only
including siteyears with acompleteness of at least 0.5 and only using sites with at least three
years of data, the following qualiyontrol measures were implemented. For each species
habitat combination, trends were only modelled if (1) the species was recorded in at least six
sites, (2) the number of sitgears in the model was greater than 100, (3) the number of
individuals recorded ithe time series was at least 200 and (4) the time series included both
the first (1968) and final (2016) year. Despite these checks, the popinead| occasionally
failed to converge on some specieabitat combinations due to insufficient degrees of
freedom. These models were also excluded. The estimated percentage change for each
specieshabitat combination was stored along with the 95% confickenntervals. These
estimated percentage changes were used as the response variable in the next stage of

modeling.

The effect of habitat on speciespecific trends was modelled with LMMs. The trends of each
species in each of the seven habitats were uasdhe response variable. The trends were
log(trend + 100) transformed followirigennis et al. (201930 that the distribution of trends
approximated a normal distribution. Trend was modelled as a function of habitht avi
random intercept for each species. Each spebegstat observation was weighted according
toits logtransformeR G2 G+t &l YLX S &aAl S dzaAy3a GKS WgSAIl
the trend was greater for trends with smaller sample sizes ghssired that more weight was
given to trends with more certainty. To test whether the interaction was signifjcde
model was refitted using ML instead of REML, and a reduced model with the interaction term
omitted was compared against the full modelthva likelihood ratio test. If significant (p <
0.05), a post hoc test was carried out using the emmeans pacKéagcontrasts between the
estimated marginal mean trend between habitat types were calculated using the emmeans()

function with the Tukey methd for multiple comparisons.

2.3.55 Habitattrait interactions
All habitattrait interaction modelsfollowed the same basic structure and procedure. The

categorical trait variables were implemented as follows:
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1. Feeding guild. Moths were grouped into J8ling guilds as described Trable 24
0dzi GKS TSSRAYSE OTdZAPYREK SN WYW2RA Wdzy | y26Y Q
contained too few species, leaving a total of 10 feeding guilds.

2. Feeding specificity. Moths wergrouped into four feeding specifi@s, ranging from
WY2y2LIKFI2dzAaQ (G2 WKAIKEE LRfeLKIFIIA2dzaQo

3. Habitat specifity. Moths were given an integer value frong 8 based on how many
habitats they are associated with.

4. Overwintering stage. Moths were groupedto four overwintering stage groups.
Immigrant species that do not overwinter in the UK were excluded as tlezg w0
few to model.

The continuous trait variables were implemented as follows:

5. Mean of Ellenberg nitrogen value of host plant. Only specéssetl as monophagous
or nearmonophagos were used in this model.
6. Mean of Ellenberg light value of host pla@nly species classed as monophagous or
nearmonophagous were used in this model.
7. Forewing length.
A separate model was run for each of tleven traits. Modelling procedure was described
above (section2.3.5.9, but the trends were modelled as a function of the interaction
between habitat and species trait. For categoricalafales, the significance of the difference
in mean abundance trend between habitats within each feeding guéld tested using the
joint_tests() function. The contrasts between the estimated marginal mean abundance trend
between habitat types were calcud for each feeding guild, using the emmeans() function

with the Tukey method for multiple comparisons.

For cantinuous trait variables, @st hoc tests using the emtrends() function in the emmeans
package were used to determine which slopes differed framheother, using the Tukey
method for multiple comparisons. The 95% Cls of the estimated marginal meansstifpies
were also extractedising this function, and they were considered to be significant if the Cls

did not overlap zero.

Where there was noignificant traithabitat interaction, the habitat term was removed from
the model, and the overall abundanceeids for each species wasad as a response

variable. In these cases, a simple linear model was run, again, using log(sample size) as a
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weighting factor for each species. The significance of the species trait in predicting abundance
trend was tested by mining a reduced model aganthe full model and comparing the two

models with an F test, as before.

In addition to these models, a model wasirwith an interaction between habitat specificity,
feeding specificity and habitat. This interaction model was to account for the posiility

GKFG G0KS G2 WaLISOATAOAGEQ GUNIXAGa AYyidSNI O
it may be he case that monophagous species are more likely to decline, but only if they are
also habitat specialists. Thsggnificance of each mod&drm was tested as described above.

If there was no significant interaction with habitat, the term was removed froenrhodel.

2.3.56 Climate variables

The annual abundance of moths cannot be simply modelled against climwadbies such as
average tenperature as both of these variables may be correlated with time, leading to
spurious conclusion@ler et al., 2017) To addess this, climate variables and annual moth
abundance were detrended using the following procedure. Seven separatg liegression
models were run: one for each of the six climate variables and one férdogformed annual

(site indeX moth abundanceThe response variable in each case was modelled as a function
of the interaction between year (continuous) and site.Gaussian error structure was
assumed for all models. The residuals from each model were extracted, and respons
variables were scaled lgubtracting the mean and dividing by the standard error. These
residuals became the detrended climate data. The deteghvariables retain information
about relative annual temperature and precipitation but do not retain anyrmfation about

longterm changes. Sedler et al. (2017jor more information.
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Climatehabitat interaction

An IMM was run in which moth almdance residuals were modelled as a function of the
interaction between habitat and each of the six climate variabfesandom slope for each

variable at each site was also included. The initial model structure was as follows:

Imer(Moth_abundance_resids Summer_temp_resids*Habitat +
Summer_rain_resids*Habitat + Prev_summer_temp_resids*Habitat +
Prev_summer_rain_resitldabitat + Winter_temp_resids*Habitat +
Winter_rain_resids*Habitat + (Summer_temp_resids|Site) + (Summer_masgids| Site) +
(Prev_summer_temp_resids| Site)+ (Prev_summer_rain_resids| Site) +

(Winter_temp_resids| Site) + (Winter_rain_resids| Site))

Themodel was then simplified using the backwards stepwise approach. Each interaction was
removed in turn from thenodel and was refit in Minstead of REML, and a likelihood ratio

test was used to compare the reduced model against the full one. If the ttterawas not
AAIAYATFAOL YOG o0LI x n dnp and th& Gocedss/répSaiet forial gther & | &
interactions and main effects. Miel simplification stopped once all the terms in the model

were significant at the 0.05 level. For significant intéats between climate and habitat,

post hoc tests were carried out using the emtrend() function to determine which slopes

differed from zeo.
Climateregion interaction

To investigate the interaction between climate and region (north vs south) in detergnin
Fodzy R yOS (UNBYR&A&AX GUKS alyYS Y2RSt ¢l a Ndzy | &
gAOGK WNBIA2Y QD a2 R Pretatidniweredhen Earried authag pefore. yTR A y i
include the effect of habitat, the full dataset was split into two subsbkroadleaf woodland

sites and improved grassland sites. The same modelling process was then applied to these

two data sets separately.
Climateoverwintering stage interaction

The process described in this section was repeated, with the following athass. Moth
abundance per sitgear was summed for moths in each of the four overwintering stages (egg,
larva, pupa, adult). The site index was calculated as before, by diviginigtal by the site

year completeness, and the resulting sitelices weredg(x + 1xransformed as the variables
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contained zeros. Transformed abundance was modelled against year as before and the
residuals extracted. The model structure, as describedvap was then rerun but with
W2 GSNBAYGSNAY I &G+ 3S Qathdr dhanihkbBat dr yatitRi&lIMOdelA y 3 F

simplification and interpretation then continued as before.
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2.4 Results

A total of 11,298,188nacromoths belonging to 756 species withthirteen familieswere
caught acros849 sites between the years of 1968 a2@lL6. The maximum number of years
sampled at any site was 49, and any site with fewer than three sample years was excluded.

The mearyears sampled per trap was 11.5.

2.4.1 Species richness and diversity

2.4.1.1 Overall trends

Linear trend

There was noignificant effect of year on species richness (LRT, X2 = 1.63, p = 0.20) but there
was a significant effect of year on diversity (LRT, X2 = 5.88, p = 0.015, 9.1%) evhadeoh
over time fig. 22).

Species |
richness

Diversity

!
-0.3 -0.2 -01 0.0 0.1

Year coefficient

Fig. 22. Overallchanges irspecies richness and diversit968- 2016 Year coefficients with 95% Cls
from two GLMMs modelling species richness/diversity as a function of year. Each model included all
349 sites. Dashed line shows zerodffe

Nonlinear trend

There was a significant ndimear trend for both species richne§s = 0.0003) and diversity
(p = 0.006) Table SA). Species richness showed a husffaped trend with a peak around
1990 Fig. 24 a).
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2.4.1.2 Effect of habitat

Linear trend

There was a significant year:habitat interaction for species richn€ss 26.84, p = 0.0002)

and diversity ¥ = 37.07, p < 0.0001). Pdwic tests showed that clmges in richness/diversity

did not change significantly in most habitats, although broadleaf woodland showed significant
declines in both measures-if. 23). The largest significant percentage decrease was for
broadleaf woodland, which showed a declinespecies richnessf -12.5% {Table 25). The
largest increase was for arable habitat, which showed an increase in diversity of 24.1%.
Overall, there were more increases inespes ichness and diversity than there were

decreases.

a) Species richness b) Diversity

Arable {

|

Conifer plantation

Broadleaf woodland { ————

Improved grassland

Other semi-natural - .

Upland |

Urban

-0.5 0.0 05 0.2 0.0 02

Year coefficient

Fig. 23. Overall changes in species richness and diversity X9B816 split byhabitat. The estimated
marginal mean year coefficients with associated 95%6or each héitat type fromtwo GLMMs with
response variables (a) species richnasd,(b) diversity (effective common species).
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Table 25. Post hoc analysi ofchanges in species richness and diversity 18@816, split by habitat.
The marginal mean year coefficients and associated standard errors (SE) an€195%m two
GLMMs. The predicted percentage change in speiciesess of diversitfeffective common species)
between 1968&; 2016 is shown. Habitegpecific year coefficients acensidered significant if the 95%
Cls do not overlap zerdghese are highlighted in boldnalysis was done in the emmeans package in
R.

Response  Habitat Year coef. SE Cl lower Clupper  Perc.
change
Species Arable -0.08 0.13% -0.352 0.17% -2.3%
richness Conifer 0.1&% 0.231 -0.268 0.63 4.6%
plantation
Broadleaf  -0.578 0.132 -0.837 -0.319 -12.5%
woodland
Improved -0.0®B 0.120 -0.239 0.230 -0.12%
grassland
Other semi -0.283 0.216 -0.705 0.140 -7.3%
natural
Upland 0.304 0.213 -0.114 0.722 10.7%
Urban 0.025 0.1%6 -0.260 0.311 0.75%
Diversity Arable 0.214 0.057 0.104 0.325 24.1%
(effective  Conifer 0.147 0.095 -0.039 0.333 11.7%
common plantation
species) Broadleaf -0.13 0.056 -0.247 -0.028 -9.7%
woodland
Improved 0.113 0.051 0.0130 0.214 10.7%
grassland
Other semi 0.129 0.0 -0.045 0.303 14.6%
natural
Upland 0.142 0.08 -0.030 0.315 19.4%
Urban 0.173 0.061 0.0528 0.292 17.2%

NorHinear trend

There were significant nelinear changes in species richness and diversity boérall Fig.
2.4) and over several habitat type3dble S2, Fig. 25 and Fig. 26) with results mostly
matching the linear trends. Broadleaf woodland showed a significant decline in both richness

and diversity, whereas arable habitats showed an increase in diversity.
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Species richness

Diversity (effective common species)
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Year

Fig. 24. Non-linear trends of species richnesind diversity 1968 2016.Model predictions from two
GAMMs with response variables: (a) species richreas$(b) diversity (effective common species).
Solid black line and grey ribbon show model predicted mean®%¥CIs Grey lines show the raw
data. Red line shows global geometric mean averaggerisks denote the significance of the fixed
STFFSOG avy220K G4SN FT2NJ&@SINIoOLI f nonp WrQx
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Species richness

a) Arable b) Conifer plantation ¢) Broadleaf woodland
ns. ns. ‘ xx%

3001

200 1

100 1

f) Upland
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3001
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Species richness
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3001
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100{ LAY
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Fig. 25. Non-linear trends of species richness 1962016,split by habitat. Model predictions from a

GAMMthat modelledspecies richnesss a function of the interaction between year and habigualid

black line and grey ribbon show model predicted means and 95% Cls. Grey lines show the raw data.

Red line showglobal geometric mean averag@sterisks denote the significance of the fixed effect
aY220K GSN)XY T2N 2SI Ndd@Ld v WrdmrpQOWr QX f nodnm WrfF QX
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Diversity

a) Arable b) Conifer plantation ¢) Broadleaf woodland
R¥¥ ns. *

o
1

d) Improved grassland e) Other semi-natural f) Upland

ns. ns.
100 1
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Fig. 26. Nontlinear trends of species diversity 1968016, split by habitat Model predictions from

a GAMM that modelled species diversity (effective common species) as a function of the interaction
between yeaand habitat. Solid black line and grey ribbon show model predicted means and 95% Cls.

Grey lines show the raw data. dRene shows global geometric mean average. Asterisks denote the
AAIYATAOLYOS 2F (KS FTAESR STEBWIVRYER (fK AidSMNadvm FRFN

62



2.4.1.3 Effect of region

Linear trend

There was a significant year:region interaction effec species richness (LRF=21.39, p <
0.0001) but not fodiversity (LRTX? = 2.68, p = 0.1QZFig. 27). Within broadleaf woodland
habitat, there was no significant year:region effect for species richieR$ X2 = 1.97, p =
0.160) but there was significant effect fodiversity (LRT X = 6.35, p = 0.012). Within
Improved grassland habitat, there was a significant year:region interaction effect for species
richness (LR = 20.7, p < 0.0001) but no sifjoant effect fordiversity (LRT)X? = 062, p =
0.432). In all cases where the effect of region was significant, the trends of northern sites
were positive and the trends of southern sites were negative. Rosttests showed that in
several cases, therdnd of richness/diversity was signifidgn positive in the north and

significantly negative in the soutfigble 26).
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a) Species richness b) Diversity
NOl’th 1 El—o—i i ——
All sites : XKk i ns.
South ; — ——
Broadleaf NO'th 1 . : *
woodland ! ns. !
South { ———— ! L —— !
Improved North - : !
grassland ! o ! ns.
South A l—’—‘: I—:—Q—l
1.0 -0.5 01‘0 0.5 1.0 -0.2 OTO 0.2
All sites (both regions) n—-—u ._._.

Year coefficient

Fig. 27. Linear trends of specieschness and diversity 19682016, split by region and habitaifThe
estimated marginal mean year coefficients and 95% Cls extractedsisdodviIMswhere (a) species

richness, and (b) diversity (effective common species) were modelled as the function of the interaction
between year andegion (north/south). The top panel includes all sites, the second panel includes only
broadleaf woodland sites aritle third panel included only improved grassland sites. The bottom panel
includes all sites for comparison. Dashed lines show zero ef§¢etisks denote the significance of the
AYGSNI OGA2zYy STTFSOG Andlysis was dodenip theWr Q>

@SENYNBIAZY
emmeans package in R.
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Table 26. Post hoc analysis of linear trends of species richnasd diversity 1968; 2016,

split by habitatand region The estimated marginal mean year coefficients with assodiate
standard errors and 95% Cls extracted frihmee separateLMMswhere species richness and
diversity (effective common species) were moddllas the function of the interaction
between year and region (north/south). Predicted percentage change in species
richness/diversity across the whole time series (18§@816)areshown. Year coefficients are
considered significant if the 95% Cls do ontrlap zero and are highlighted in bold. Plost

tests were only performed on models for which the year:regioenattion was significant at

the p < 0.05 levelFig. 2.7)Analysis was done in the emmeans package in R.

Response Habitat  Region Year SE Cl Cl Perc.
coef. lower upper change

Species Allsites North 0.242 0.115 0.017 0.467 7.58%

richness South -0.256 0.095 -0.443 -0.070 -6.26%

Improved North 0.726 0.202 0.329 1.124 23.9%
grassland South -0.303 0.135 -0.569 -0.037 -7.29%
Diversity Broadleaf North 0.036 0.086 -0.133 0.205 3.28%
(effective woodland South -0.219 0.068 -0.354 -0.084 -13.5%
common
species)

Nonlinear trend

GAMMs showed thaboth the baseline species richness and diversigreypically lower in
the north but tended toincrease over time while richness and diversigravhigher in the
south but tended to decrease over tim&ig. S2, Fig. SB and Table SZ&). A notable
exception is that species richness in broadleaf woodlandemibrth shows a humghaped

trend with a peak around 1990.

2.4.2 Total abundance

2.4.2.1 Overall trend and effect of habitat
Between 1968 and 2016, total moth abundancehe UK significantly declined E86% Fig.
2.8). Abundance significantly declined in all habitat types; arati%, conifer plantatior:

30%, broadleaf woodland44%, improved grasslané4%, other sermnatural:-45%, upland:
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-47% and urban:47%. Several habitats showed nlomear trends: in broadleaf woodlands

total moth abundance had a period of stability after which it declined, whereas upland and

W2 i KSWE a&NRAE Q aAidSa &k 2 dghShe petidd 6f detrialinjthéickries LJ- § G
part of the timeseries, after which it stabilised. The significance of the smooth terms in the
GAMM generally agreed with the poptrend models for all habitat typés. 29, Table S&),

apart from arable, for which the trend was significant in the poptrend model but marginally
non-significant in the GAMM (p = 0.063). In comparison to arable sites as a reference level,

the baseline abndance was significantly higher in conifer plantation (z = 1.973, p= 0.049) and
broadleaf woodland sites (z = 2.334, p = 0.020) and significantly laweban sites (z =

6.948, p < 0.000Table SA).
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Fig. 28. Poptrend models of total abundance 1968 2016, split by habitat.Trends of total moth

abundance across (a) all sites and { seven habitat types. The black line shows the-teng trend

and significant periods of declimee indicated with an orange line. @195% confidence intervals are

shown in blue. The percentage change for each hahit86(% CI) is shown in text above each plot.

Points and whiskers represent year random effects. All trends are relative and sc#iedstarting

year (1968)at1.Modal aK2gy KSNB 6SNBE NHzy Ay (GKS WLRLWIGNBYR
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Fig. 29. Nonlinear trends of total abundance 19682016, split by habitatModel predictions from

a GAMM that modelled annual abundagas a function of thteraction between year and habitat.

Solid black line and grey ribbon show model predicted means and 95% Cls. Grey lines show the raw
data. Red line shows global geometric mean averbigee the logscale on the yaxis.Asterisks dnote

the significance® G KS FAESR STFFSOUG avy22i0K GSN¥Y F2NJ &SI N6

2.4.2.2 Effect of region

Moth abundance declined significantly in both the north and the south2596 and-41%,
respectively Fig. 210). When two habitat types, broadleaf woodland and improved
grassland, were analysed separately, there was no significant overall changenoritiern

sites in either habitat, but abundance declined significantly in thelsbyt51% in broadleaf
woodland and by39% in improved grasslands. The abundance trend of moths in northern

broadleaf woodland had a period of significant increase duriregi70s and a period of
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significant decline during the 1990s and 2000s. The abwel&rend in southern improved
grasslands was stable until the early 1980s whereatfter it declined until the year 2000 and then

stabilised.
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Fig. 211.Nortlinear trends of total abundance 1968 2016 split by habitat and region Model
predictions fromthree GAMMs that modelled annual abundance as a function of the interaction
between year andegion. In (a) and (b), all sites were Inded,in (c) and (d) only broadleaf woodland
sites were included and (d) and (e) only improved grasslandSakd black line ahgrey ribbon show
model predicted means and 95% @sey lines represent the raw data adjusted for missing counts
Red lir shows global geometric mean averalyete the logscale on the yaxis.Asterisks denote the
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2.4.3 Speciespecific trends and habitat

A total of 376 specieBad enough data to be modelled for at least one habitat type. There
was a significant effect of habitat on abundance trends (XR¥,109.4, p < 0.000Eig. 212
andFig. S2). A post hoc test showed that the majority @fnificantpairwise compasons

were between the arable habitat and uplands, in which species were stable on average, and
the other habitats in which species were generally decliniradple S3). In addition, average
species trends in urban sites were found to be declining more than in improved grassland

sites.

Arable ._é‘_. 276

Conifer plantation] | . ; 149
Broadleaf woodland —_— 5 345
Improved grassland - —————— ; 341
Other semi-natural | . 5 169
Upland : 115

Urban{ +—m7e—— ; 263

3.5 4.0 4.5

log(trend + 100)

Fig. 212. Mean geciesspecificabundancetrends 1968¢ 2016, split by habitat. Estimated marginal
mean abundance trends 95% @) of moths across seven habitat types. The response variable is the
percentage change in abundance for each speldgé« + 100 ransformed. Figures on the right show

the number of specieaodelled m each habitat. Dashed line shows zero tréftte same plot with raw
data included can be seémFig. 3.4.
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2.4.4 Habitattrait interactions

2.4.4.1 Feeding guild

Overall, there was a significant effect of feeding guild on abundance treagt€5.04, p = <
0.0001,Fig. 213). A post hoc test showed that this effect was driven almost entirely by lichen
feeders which had more positive abuamte trends than most group$dble S3).

1
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Grasses - * : 37
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E —
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[}
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Herbaceous :
polyphagous 1 - 8
]
1
Broadleaf 1
- —
shrubs : 61
1
Broadleaf | \ 58
trees 1
1
Woody | '
polyphagous . 5
1
4 5 6

log(trend + 100)

Fig. 213. Mean speciesspecific abundance trendsf moths in 10 feeding guild4968 ¢ 2016.
Estimated marginal mean abundance trends96% &) of moth species belonging to 10 feeding
guilds. The response variabtethe percentage change in abundance for each species fromcl968
2016, log(x + 10&yansformed. Figures on the right show the number of species in each group. Dashed
line shows zertrend.

There was a significant interaction between habitat and fegdjoild (LRT¢ = 94.031, p =
0.0006). A post hoc test showed that moth trends significantly differed between habitats in
seven out of the 10 feeding guildBig. 214 and Table S2.0). Of the 210 possiblpairwise
comparisons, 25 of these were found to be statistically significant ap #6.05 level Table
S211). The feeding guildpecific species trends a@® habitats tended tonatch the overall

pattern across habitatscOmpareFig. 213 with Fig. 214) with species in arable and upland
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Fig. 214. Mean speciesspecificabundance trends of moths in 10 feeding guilds 1968016, split

by habitat. Estimated marginal mean abundance trend®9%% &) of moths in 10 feeding guilds i

seven habitat types. The response variable is the percentage change in abundance foreeigsh sp

from 1968¢ 2016, log(x + l0&yansformed. Dashed line shows zero trend. Asterisks denote the
significance of a postoc test that determines whether theends differ significantly among habitats
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2.4.4.2 Feeding and habitat specificity

The was no significant interaction between feeding specificity, habitat specificity and habitat
(LRT X = 92,5 p = 0.30). When this threey interaction was removed, there was no
significant interaction between habitat and feeding specificity (MR¥,26.4, p = 0.09) and

no significant interaction between habitat and habitat specificity (MR¥F,48.4,p = 0.081).

When habitat was dropped from the model, there was no interaction between habitat
specificity and feeding specificity 1§ges = 0.57, pI' nddpmoud 2 KSy (KS
ALISOATFTAOAURGYTFSSRAYI &ALISOATAGEQ Ayhosighicddii A 2y &
effect of habitat specificity gzs>= 0.35, p = 0.91) or feeding specificity#z= 0.70, p = 0.55).

To confirm that there was a effect of habitat specificity on moth abundance trends, the

whole modelling procedure described above weyseated but with habitat specificity treated

as a continuous variable (with valueg 8) rather than a categorical variable. This gave the
models more power to detect subtle linear effects of habitat specificity as it used fewer
degrees of freedom. Agai there was no significant threeay interaction effect (LR =

23.7, p = 0.16) and there was no significant interaction between habitat anthhapecificity
(LRTX?=3.17, p = 0.79). When the effect of habitat was removed, there was no intaractio
between habitat specificity and feeding specificitys 4z = 0.29, p = 0.83). When all

interactions were removed, there was no effect of habitaesificity (fr,3s7= 1.06, p = 0.30).

2.4.4.3 Overwintering stages

Overall (disregarding habitat type),eate was a significant effect of overwintering stage on
mean abundance trend {ks7= 6.74, p = 0.000Ejg. 215). A post hoc test showed the effect
was driven primarily by differences in trends between those thatrwinter as eggs and those
that overwinter as larvae or adulf3able S2.2). Those overwintering as eggs had declined
most whereas those that overwinter as adults tended to remain stable. There was a significant
interaction between habitat and overwintering stage (LK 31.27, p = 0.027). A post hoc
test showed that the moth &nds significantly differed between habitats in three out of the
four overwintering stages with no significant effect of habitat in hwothat overwinter as
adults Fig. 216, Table S2.3). Of the 84 possiblpairwisecomparisons, 15 of these were
found to be statistically significant at the<0.05 levé (Table S2.4). Despite the significant

habitat:overwintering stage interaction, the effect of habitat seemed consistent across the
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three major overwintering stages (egg, larva and pupa) with species tagsign aeble and

dzLX ' yR KFOoAGFGA | YR ¢%NHE@zNk Y QoxiigZrdsig Albwitd W2 (0 K S
Fig. 216). The interaction effect seems to be driven by moths that wiater as adults as the

20SNI ff GNBYR Aa LI NIfeé NBEISNESGR (KENEYQ KA (0K
faring best and those in uplands faring worEspecially notable is the significant positive

trend of species that overwinter as adultsurban habitatcompared to the strong negative

trends of the other three groups in this habitat.
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Fig. 215. Mean speciesspecific abundance trends of moths in four overwintering groups 1968
2016. Estimated marginal mean abuadce trends £ 95% Cis) of moths belonging to four
overwintering stage groups. The response variable igp#reentage change in abundance for each
species from 1968 2016, log(x + 10&ransformed. Figures on the right show the number of species
in eachgroup. Dashed line shows zero trend.
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Fig. 216. Mean speciesspecific abundancérends of moths in four overwintering groups 1968

2016, split by habitat.Estimated marginal mean abundance trenidseach habitat, split by the
overwintering stage of the species. The response variable is the percentage change in abundance for
each speies from 196& 2016, log(x + 10&yansformed. Asterisks denote the significance of a post

hoc test that determines whether the trends differ sfigaintly among habitats within each feeding
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2.4.4.4 Ellenberg values

There was no interaction effect between Ellenberg value for nitrogen and habitat Xt RT,
6.16, p = 0.41Fig. 217 a). Nor waghere a significant interaction between Ellenberg value for
light and habitat (LR = 10.9, p = 0.09Eig. 217b). When the interaction with habitavas
removed from the modls, there was no effect of Ellenberg value for nitrogesy{E 1.57, p

=0.21) or light F&73= 0.20, p = 0.66).
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Fig. 217. Speciesspecific abundance trends according to nitrogeand light-affinity of hostplants.

The effet of Ellenberg (a) nitrogen and (b) light values of host plants on moth abundance trends. The
response variable is the percentage change in abundance for each species frog20968 log(x +
100)transformed. Modepredictions fromLMMs are shown withblack lines and 95% Cis by grey
ribbons. @ are for fixed effects only. The raw data is represented in points with the size proportional
to thelog of thesample size. Red lines show zero trend.
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2.4.4.5 Forewing lengt

There was no interaction effect beagn logtransformed forewing length and habitat (LRT,

X2 =3.094, p = 0.797). When the habitat interaction was removed from the model, there was
a significant negative effect of forewing length on abundance trend, with large species

decreasing and small spies increasing {ksz= 12.8, p = 0.0004&ig. 218).
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Fig. 218. Speciesspecific abundance trends according to forewing lengifhe response variable is
the percentage change in abusice for each species from 1963016, h(x + 100%ransformed. Black
line with grey ribbon shows model predictions with 95% CIs. Red line shows zerdeaeingoint
represents one species, withetpoint sizeelative to the log of the sample size.

2.4.5 Climate variables

2.4.5.1 Climatehabitat interaction

Moth abundance declined with increasing summer rainfall in all habitats apart from conifer
plantations and uplands (LR®,= 16.88, p = 0.0Q Fig. 219, Table SA5 and Table S2.6).

Four other climate variables had a consistent effect across all habitat types: previous summer

temperature had a positive effect (effect size.812; LRT¢ = 4.03, p = 0.04%ig. 2204a), as
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did current summer temperature (effect size = 0.060, DR¥;90.27, p < 0.000Ejg. 220¢).
Previous summer rainfall hadnegative effect (effect size©.054, LRT¢=76.18, p <0.0001,
Fig. 220b), as did winter temperature@.070, LRT¥ = 133.70, p < 0.000Ejg. 220d). There
wasno effect of winter rainfall (LR¥? = 3.16, p < 0.076).

Arable || Conifer plantation || Broadleaf woodland |

Improved grassland | | Other semi-natural | | Upland

Relative moth abundance

Urban

Relative summer rainfall

Fig. 219. The effect of annual summer rainfall on annual moth abundance in seven habitat types.
Summer is defined as April to September. Both variables are detrendestaled. Lines show model
predictions from a LMM with solid lines denoting trends that differ significantly from zero according
to a post hoc testand dashed lines denoting those with no significant tré@wints show raw data.
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Fig. 220. The effecof four climate variables on annual moth abundancgll variables are detrended
and scaled. Lines with grey ribbons show model predioteang+ 95 % Clsfrom an LMM Points
show raw dataAsterisks denote the significanceloK' S STFFSOG 6L f ndnp Wr QX

2.4.5.2 Climateregion interaction
Overall, only one climatesgion interaction was significant which, again, was summer rainfall
(LRTX? = 11.03, p = 0.000&ig. 221). Abundance was negatively associated with high

summer rainfall, but the relationship was more strongly negative in the ndiablé 27).
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Fig. 221. The effect of annual sumar rainfall on annual moth abundancesplit by region.Summer
is defined as April to September. All variables are detrended and scaled. Lines with grey ribbons show
model prediotd meang+ 95 % Cls frommLMM Points show raw data.

Table 27. Post hoc analysiso determine whether summer rainfall significantly affects total moth
abundance in both regionsThe estimated marginal mean effect of summer falinon moth
abundance in the north and the south, showing associated stahérrors ad 95% Cls. The effett
rainfall is considered significant at the p < 0.05 level if the 95% Cls do not overlaBigeiftcant
effects highlight in boldAnalysis was done in the emmeans package in R.

Region Effect of summer rainfall SE Df Lower  Upper
95% ClI 95% ClI

North | -0.046 0.009 Inf -0.063 -0.029

South | -0.085 0.008 Inf -0.100 -0.070

Within broadleaf woodland habitat, there were no significant climeggion interactions.
Within improved grasslands there was one significant clianaggon interaction: the rainfall
of the previous summer (LR¥ = 4.29, p < 0.038). Both slopes wereniigantly negative,
but the effect of previous summer rainfall in the north had a more severe negative effect on

abundance than in the soutlirig. 222, Table 28).
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grassland Lines with grey ribbons shomodel predictd meangx 95 % Clsfrom an LMM Points
show raw data.

Table28.t 230 K20 lylféeaAra G2 RSISNN¥YAYS 6KSUGUKSNI GKS L
total moth abundance inmproved grassland ifoth regons. The estimated marginal mean effect of

0§KS LINB @A 2 dziall éndn6t Sondlance Nd- theyhorth arttie south (within improved
grasslandsitesonly), showing associated standard errors ad 95% Cls. The effect of rainfall is considered
significantat the p < 0.05 level if the Cls do not overlap z8ignificant effects highlight in bold.

Analysis was danin the emmeans package in R.

Region Effect of previous summer rainfall SE Df Lower Upper
95% Cl 95% CI

North | -0.097 0.019 37.1 -0.136 -0.058

Sauth | -0.050 0.013 42.9 -0.077 -0.023

2.4.5.3 Climateoverwintering stage interaction

There was a significant interaction between overwintering stage and five out of the six climate
variables tested. The only nesignificant interaction was for the rainfabf the previous
summer (LRT¢ = 2.82, p = 420). The interaction between overwiimtgrstage and winter
rainfall was weakly significant (LR&= 14.2, p = ©27) and all other interactions were highly
significant (p < 0.000Eig. 223). In the final model, all variance inflation factors for the main
effects were below 3, indicating that collinearity in the explanatory variables did not
destabilise the model. A post hoc testhowed that the interaction effect veadriven by

different contrasts between overwintering stage depending on the climate varidlablé
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S217). Typic#ly, those that overwinter as eggs were more negatively affected by warm
winters and rainy summersjhereas those overwintering as pupae responded less negatively

to these variables. Warm summers were especially beneficial to species that had
overwinteredl & LJdzLJ ST o0dzi GKAA& FLIWISENBR (2 KI @S |

abundance of those saenspeciegFig. 223).
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Fig. 223. The interaction between climate and overwintering stage in determining annual total
abundance.The estimated marginal mean effects9b % ClIs) of fivdimate variables across species

within four overwintering stage groups.aBhed lines show zero effect. Asterisks denote the
significance of a pogtoc test that determines whether the climate effect differs significantly among
overwinteringstages(p<®np Wr QX f ndnm WrrFQX ¥ nodnnm Wrfrfp QUG
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2.5 Discussion

The decline in Ukoth abundance since 1968 has occurred in all habitats, but the declines
have been the least severe in the most agriculturally intensive aréigs 28). Despite
declines in abundance, species richness has remained stable, and diversity increased at the
national scale Kig. 22). Species richness andversity have either remained stable or
increased acrss all habitat types apart from broadleaf woodland in which they have fallen
(Fig. 23). The mechasms behind the declines in abundance are complex and involve
interactions between habitat, climate and species tsaiHowever, the primary cause of
decline is still unclear. The estimated total decline in abundane®68b shown here is more
severe thanthe previous estimation 0f31% based on similar da{®ell et al., 2020)The
explanation for this discrepancy is twofold: firstly, the subsets of data ust#gkitwo studies
differed - in this thesis only sites with at least three years of data were included, whereas in
Bell et al. (2020) only sites with at least nine years of data were included. Secondly, in this
thesis, missing counts were estimated and utgd ¢ a process that was not applied in
previous analyses. The data show that there were more incompleteyséesearlier in the

time series Fig. S&) which has the effect of artificially lowering the abundance early in the
time series and thus, where missing counts are not estimated and imputed, reducing the
apparent rate ¢ decline. It, therefore, follows that previous analyses of the RIS moth data
(Bell et al., 2020, Conrad et al., 2004, Conrad et al., 2006, Fox 20E8)may have slightly

underestimated the rates of decline.

Each of the six hypotheses positedliable 21 is discussed.

2.5.1 Hypothesis 1: Total abundance change
a) Moth abundance and diversity has changed over time (£38816). b) Changes moth
abundance and divetgivary by habitat and by latitude.

Almost every subset of sites studied showed significant declines in overall moth abundance.
The only exception to these were northern broadleaf woodland and improved grassland sites,
which bothremained stable overallFjg. 210). Northern broadleaf woodlands showed a
significant increase followed by a significant decrease with a peak abundaribe late

1980s. Abundance in northern improved grasslands increased throughoutntleeséries,
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although with a large amount of uncertainty, meaning the trend was not significant. The
hump-shaped abundance trend in the north was also foun®bwynis et al. (2019 Scotland,

although they found that almdance peaked a little later in the miP90s.

Declines in the south were found to be more severe than those in the n&#8% vs41%
respectively,Fig. 210). Conrad et al. (2006)ound that between 1968 and 2002, total
abundance in the north was stable (nsignifcant 5% increase) while abundance in the south
had declined by44%. With the updated abundance trendsséems that decline in the south

may have ameliorated slightly between the years 2002 and 2016, but strong recent declines
in the north have counterded this. This phenomenon was also foundd®nnis et al. (2019)

who howed that total moth abundance in Scotland was stable between 1975 and 2002 but

had declined by20.4% by 2014.

The habitats with the most severe aadl abundance declines were urban and uplarfeig.(

2.8). While the severe declines in urban areas are unsurprising given the continuing expansion
of urban sprawl, the declines in upland habitats are less easyxptai@. The overall
abundance trend irupland sites superficially contradicts the speespgcific abundance
trends. Despite the sizeable overall decline in upland sites, the mean abundance trend of the
115 species common enough to model did not diffensigantly from zero in this habitat

(Fig. 212 andFig. S2), and the trend of speciaschness and diversity is positive, although

not significant. This discrepancy suggethat in upland sites, a small number of highly
abundant species have declined rapidly, while a larger number of less numerous species have
increased, including new spies joining the species pool. This is discussed further in section

25.7.6

Perhaps the most surprising finding regarding habitats is thetiattdeclines have been the
least severe in arable lanel8%) and are nearly nesignificant. While the decline found in
improved grasslands wasgsificant (34 %), this decline was less severe than any other
habitat type apart from conifer plantationg &0%. This finding is at odds with many studies
implicating agricultural intensification as the primary cause of decline in insects in western
andnorthern Europe in the latter half of the twentieth century to the present agx, 2013,
Habel et al., 2019c, Nilsson et al., 2013, Seibold et al., 2B&®re absolving agriculture, it

is important to note tlat the Green Revolution of the 1950s and 1960s demonstrably had

severe negative consequences for insectd ander biodiversity in the UKRobinsonand
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Sutherland, 2002%o0 it is likely that the RIS tirseries began only after the most severe
declines had occurred. The findings regarding fand are discussed further in sections
2.5.7.1and2.5.7.4

2.5.2 Hypothesis Bhading and grazing in woodland
a) Specieghat specialise on graes, forbs and shrubs have declined more in broadleaf
woodlands than in other habitats. b) Species that specialise on photophilic hostplants have

declined more in broadleaf woodlands than in other habitats.

A key hypothesis proposetd explain the declineof moths in broadleaf woodlands is an
increase of shading, due to lack of management, and overgrazing of the understory by deer
(Fox, 2013)If this were true, it would follow that moths that feed &aw-growing plantsuch

as forbs, grasses and shrubs, especially-lmhhg pants, would be faringspecially badly in
broadleaf woodland habitats compared to other habitats. In contrast, those that feed on large
trees would be relatively stable in broadleaf woodlands. However, the evidence presented
here does not support this. Mbs that feed on grasseforbs,low-growing plantsand shrubs

did not decline more severely in broadleaf woodlands than they did in most other habitats
(Fig. 214andTable SA.1). Furthermore, theérends of moths that feed on broadleaf trees or
woody plants were no more positive in broadleabodlands than in most other habitats.
There was also no evidence that moths that feed on {ighing plants have declined in
woodlands any more than thosedhfeed on shaddoving plantsitig. 217b). The same holds

for sites classified as conifer plantations.

LG aK2dzZ R 6S y20SR (KIG GKS aLX Ad o0SisSSy WwWo
study is notstrict, but rather depends on whidiorest type was more common within 500 m

of the trap site in 2015. The categorisation does not account for mixed woodlands or
woodlands that have undergone a conversion from broadleaf to conifer plantation or vice
versa.From the data presented here, ibds not appear that either broadleaf woodlands or
conifer plantation sites within the network have become any more dominated by conifers
since the beginning of the time series, as species that feed on conifers in thasshhave

not increased any morthan in any other habitatRig. 214). Although, there is evidence that

the planting of conifers in upland sites could have influenced moth commuréisesonifer
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feeders have sigficantly increased in this habitat typ&i¢. 214). The trends of moths in
conifer plantations and broadleaf woodlands atescussed further in sectiors5.72 and

2.5.7.3 respectively.

2.5.3 Hypothesis 3: Eutrophication
Specieshat specialise on nitrophobic hostplants have declined more in arable and improved

grassland sites than in other bigats and vice versa for nitrophilic hostplants.

There was no significant relationship between moth abundance trends and the nitrogen
affinity of their hostplants, although there appears to be a weak-sgmificant relationship

in improved grasslandr{g. 217 a). This finding was unexpected as the link between nitregen
enrichment and changes to butterfly community composition is ‘ketiwn (Betzholtz et al.,
2013, Ockinger et al., 200@nd moths are associated with nitrophilous hostplants have
increased in distributionFox et al., 2014)The effect of nitrogen enrichment on insect

communities in farmland is discussed further in secti®dis7.1land2.5.7.4

2.5.4 Hypothesis 4: Hostplant and habitat specificity
Moths with higher habitat specificity and hostplaspecificity have declined more than

generalist species, especially in rarer, more tedl&abitats.

Moths with high habitat and feeding specificity did not decline any more than generalist
species, and this was true across all habitats (se@idm.?. This finding &s surprising as
the link between the degree of specialisation and decline in butterflies is aknain

phenomenon(Eskildsen et al., 2015, Fox et al., 2015, Kotiaho €G05, Table S2.1 b)

2.5.5 Hypothesi 5: Forewing length
Moths with smaller wingspans haweclined more in discrete habitat patches (broadleaf
g22Ri I yRA | WR (W] K SIvhKd Bofeliwides@gread habitat (arable and

improved grassland).

Moths with larger wingspans were mori&dly to decline than those with small wingspans.

Thisfinding is in agreement with a previous analysis of the RIS(@atalthard et al., 2019)
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There was no interdibn between wingspan and habitat, suggesting that the factors driving
this trend are consistent across habitats. The relationship between wingspan and abundance
trend is counter to that of butterfliesvhere it is weldocumented that smaller, more
sedentay species are more vulnerable to decline than larger, more mobile sp@&sksdsen

et al., 2015, Maes and Van Dyck, 2001, Poyry et al., 2017, Warren28l,, Wenzel et al.,
2006) It is generally bedived that this is due to the effects of habitat fragmentation as more
sedentary species are more vulnerable to both inbreeding depression and local extinction
(Nieminen et al., 2001, Sacchetial., 1998b)If this is the case for butterflies, it is unclear
why this should not be the case for moths, as lafigedied moths are, like butterflies, better

able to dispersé€Jones, 2014\ieminen et al., 1999)t is argued byslade et al. (2013hat

for woodlandspecialist moths, large body size is a disadvantage dukarger habitat
requirements and smaller population size. While the mechanism selectirsgrialterbodies

moths is unknown, it is surprising that the relationship was consistent across all habitats.
Merckx et al. (2018Jound that moth communities in urban environments were more
dominated by largebodied species, but there was no evidence in this thesis ldnater
bodied moths declined less in urban habitats than in other habitats. Although habita
fragmentation is likely to be a problem for some Lepidoptédaekinger et al., 2010}the
findings in this thesis show that decline is @sated with larger moths and is consistent
across habitats. This finding suggests that habitat fragmentation is unlikely to be a key driver

of widespread moth degie in the UK.

2.5.6 Hypothesis 6: Climate change
Climate variablegtemperature and rainfall) affect annual moth abundance. Warm, wet
winters have an adverse effect on moths, especially species that overwinter in immature

stages.

Annual moth abundance as negatively affected by high summer rainfall and warmer
temperaturesin the previous winter. Warm winters negatively affected moths of all four
overwintering stages but were most detrimental to species that overwinter as eggs and as
adults fFig. 223 d). The link between warm winters and low abundance in the following
spring/summer has been demonstrated in the Garden Tiger rf@tmrad et al., 2003nd is

also known in butterfliegWallisDeVries et al., 2011IJhis effect is thought to be due to an
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increased mortality rate in diapausing insects during wirfidockmann and Fischer, 2019,
Stuhldreher et al., 2014 he effects of warming winters on insect diapause are complex and
include both positive and negative effects depending on spd@ate et al., 2002, Bale and
Hayward, 2010)Warm winters may leave moths more vulnerable to predai®ale and
Hayward, 2010and fungal pathogen&lockmann and Fischer, 2018urthermore, moths
overwintering in the adult stage may suffer from unnecessary energy expenditure that cannot
be replenished throughectar (WallisDeVries et al., 2011 ounterintuitively, reduced snow
cover due to warmer winters can resultimcreased mortality to species diapausing below
the soil through exposure to low temperaturé3ale and Hayward, 2010now cover acts as

a buffer during winter which keeps soil temperature both highad enore stable than the air
temperature(Bale, 1991, Edwards and Cresser, 19982ps been demonstrated that removal

of the insulating snow layer during winter results in higher mortality rates in some arthropod
groups due to exposure to temperatures below freezmaynt (Sulkava and Huhta, 2003,
Templer et al., 2012)

The link between overwintering stage and rate of decline in the UK has was demonstrated by
Conrad et al. (2004nd corroborated in this thesi$ig. 215). Those overwintering as eggs
were most likely to decline, whereas those overwintering as adults are most likely to have
remained stable. Warm winters may explain the high ratesl@tline among those that
overwinter as eggsStill, they cannb explain why those that overwinter as adults have
remained stable despite being more sensitive to warm winters than those that overwinter as
larvae or pupae. Those overwintering as adults weositively affected by high summer
temperatures of the previosi year whereas those that overwinter as eggs were negatively
affected Fig. 223) so the positive effect of warming summers may counteract the negative
effects of warming winters for those that overwinter as aduls.present, this is purely
speculative and elucidating the climatelated drivers of moth decline is beyond the scope

of this these. However, the findings demonstrate that climate change is likely an important
factor driving moth abundance decline, andther research in this field is necessary to fully

understand the mechanisms behind moth decline in the UK.

2.5.7 Disassion of habitaspecific trends
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2.5.7.1 Arable

Moth abundance declined significantly in arable habitat18f6, but these declinesese the
least severe of any habitat typ€if). 28) and bordered on statistical nesignificance. While
this result was not entirely unexpected due to recent studies with similar findBeis et al.,
2020, MacGregor et al., 2019thley are contrary to many papers that point to agricultural
intensification as a key driver of insect decline otrer last six decade@abel et al., 2019c,
Groenendijk and Ellis, 2011, Maes and Y2aek, 2001, Nilsson et al., 2013he reasons for
a declne in moth abundance in farmland since 1968 are manifold and are expioisection
1.3.1.2 The interesting point of discussion here is not why moths have declined in arable
habitat, but rather: why have they declined less in arable habitat than in ladirdtabitats?
Furthermore, vy has species diversity increaselitere are severglotential explanations

for the observed patterns:

Arable habitat was already so degraded by 1968 that abundance was near its minimum, so

could not decline much further.

It is almost certain that mothtandance in arable farmland was substantially higher before
the intensification that took place post/orld Warll. As a point of evidence, the average
number of moths caught in a lightap at Rothamsted Researcha typical, maly arable,

farm in the soth-east of England dropped from roughly 4000 in the 1930/40s to 1100 in
the 1960/70s(Woiwod and Gould, 2008 Unfortunately, the trap was not run during the
1950s, but the rate of decline during this period was evidently severe at a raté%finlittle

over a decade. The tianal -36% decline that continued over the following five decades
seems moderate in comparison. Comparison of maps of the trap site, known as Barnfield,
show that between 1933 and 1972, there was some replacement of permamassignd

with arable land, doss of hedgerows adjacent to the trap and an increase in buildings and
paved roads. Due to the multiple changes that occurred at this site over this period and the
lack of temporal resolution of these changes, it is not pdesib disentangle the relate
impact. However, the changes that occurred are typical of4ase&l change across much of

the UK during this time, so it is not unreasonable to assume that the scale of loss across the
country would have been similar. Indeedespite the regeneration o& large hedgerow

adjacent to the trap and the conversion of an adjacent arable field to antegdow, the
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annual abundance, although increasing, is still less than half of the geometric mean average

in the 1930/40skig. S&).

If abundance in arable land were already so low in 1968 that it could not decline much further,
we would expect that baseline annual abundance was lower in arable than in other habitats.
However,Fig. 29 shows that the modepredicted abundance in 1968 was in line with the
geometric mean abundance of all habitats in all years. Furthermore, predicted abundance in
1968 was equivalent to that of improved gsdand and was highéhan that of urban habitat.

It is therefore unlikely that the lack of severe decline in arable land is due to an already

depleted population.

Disturbancesensitive species were already absent by 1968, and current populations obnsist

disturbancetolerant species that were not heavily impacted by further intensification.

If moth populations in arable habitats were dominated by a small community of disturbance
tolerant moths, we would expect to see that species richness and divavsity lower in
arabke habitat than in other habitats. However, mogwkdicted species richness in 1968 was
as high or higher than all other habitat types apart from broadleaf woodl&igl. 25).
Similarly, species diversity was navkr than in any other habitat type apart from conifer
plantations and broadleaf woodland&ig. 26). While the community of moths found in
arable habitat may be composed of more disturbatakerant species (this as not
investigated here), it is clear that moth abundance and diversiye no lower in arable
habitats than in most other habitats. Hence, dominance by a small number of moths adapted
to frequent anthropogenic disturbance is not a valid explanationiferdack of severe decline

in this habitat.

Agrienvironment schemes and rdgtions implemented in recent decades have ameliorated

the effects of intensification

Agrienvironment schemes (AES) were first introduced to England in ®&¥nden et al.,
1998)and rapidly expanded in scope. The number of hectares under higheiror targeted
AES rose from half a million to av@ million between 1992 and 2018NCC, 2019)f the
application of AES at the national scale were the reason behind the relatiidlgaclines in
arable land, we might expect to see a decline in abundarme 968 to the early 1990s with

agricultural intensification and then a recovery from the 1990s to the present day as AESs are
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adopted. The data presented here does not offer sg@vidence for this hypothesisig. 28
b shows a linear decline across the entire time series with no pattern of decline and recovery.
The model, however, determined that the rate of decline was only significaetween the
late 1970s and the early 2000s, with rates of change either side classed &sgnditant.
This pattern means that although abundance continued to decline from 2000 onwards, it did
so at a nossignificant rate, indicating that there may haleen some ameadration of the
drivers of decline, albeit subtle. Furthermore, the decline in improved grassland (discussed in

section2.5.7.9, which have also been subject to AES, showed nas$igiowing Fig. 28).

Nitrogenenrchment has led to more prolific growth in wild plants, resulting in more hostplant

resources.

Nitrogen enrichment can lead to enhanced growth rates of exd@mcent plant{Schmitz et

al, 2014) and nitrogen enrichment of plants can enhance their nutritionalugato
Lepidoptera(Myers and Post, 1981, Poyry et al., 2QEZpecially for specighat specialise

on nitrophilous hostplant¢Kurze et al., 2017Wild plants growing on land adjacent to arable
fields may have become m® voluminous over time due to nutrient eshiment of the soill
which, in turn, led to an increase in hostplant availability, offsetting the other negative effects
of agricultural intensification. However, if this were the case, we would expect moths that
feed on nitrophilous plants to have fared Ibet than those that feed on nitrophobic plants.
Section2.4.4.4shows that this is not the case as there was no interaction betweeagwstr
affinity andhabitat. Nitrogen enrichment is also associated with a decrease in plant diversity
(Payne et al., 2017)t is therefore surprising that moth species diversity increased in arable
land (sectior2.4.1.9. This findingnatches the pattern for the country as a whoked. 22) so

it likelythat the driver behind this increase in diversity, likely climakated, is typical across

most habitats and not specific to arable land.

2.5.7.2 Conifer plantation

The division of woodlands in conifer plantations and broadleaf woodlands is imperfect (see
section2.5.8.]), and the sample size of conifeaptation sites is only small (12 sites) so these
results should be interpreted with caution. The decline in abundance found 8% is less
severe than all other habitat types apart from arable. The most obvioueation for a
decline in abundance ian intensification of productivity within the plantatiogas broadleaf
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woodlands were still being replaced by conifer plantations up until the 19B@skham,
2003) The data, howewe do not support this hypothesis &sere was no significant increase

in conifer feeders in this habitaF{g. 214). Significant declines in forb anddadleaf shrub
feeders indicate a loss of hostplants at the field and shrub layer, but declitiess@ groups
were present across most habitat types so do not offer specific information regarding the

decline of moths in conifer plantations.

2.5.7.3 Bradleaf woodland

The findings in broadleaf woodland are troubling, as this was the only habitairiyphkich
species richness and diversity declined as well as abundance (s2atidrd). Hypotheses
regarding shading and overgrazing by deer as drivers of decline are not supported by the data
(section 2.5.2). The cessation of coppicing and other forms of active management might be
invoked to explain the decline in species richness and diversity, as plant wjiversis to
decreag after cessation of coppicin@ullerova et al., 2015)However, this is not true for

moth communities which are typically dotmore abundant andliverse in mature, shaded
woodlands than in more open woodlands, including coppice and woodland ¢8gesme et

al., 2011, Merckx et al., 2012a, Sebek et al., 2015)

The drivers behind abundaa decline in woodland are also unclear. The key driver of habitat
loss that applies to many sematural habitats in the UK is not relevant here, as the area of
broadleaf woodland has increased sinc@& (DEFRA, 2013, Hopkins and Kirby, 200)
further complicate the matter, it was found that the decline in abundance was concentrated
in the southern brodleaf woodlands with a decline e61% compared to aan-significant,
non-linear decline of17% in the north. The trend in northern broadleaf woodland shows a
significant increase up until the late 1980s where it peaks at 150% of its 1968 level, before
declining significantly to its present levdtig. 210). Additionally, there was a significant
difference in the change in diversity between northern and southern woodlands, with a
decline in the south and stability in the northig. 27 b). This regional trend also occurred in
improved grasslands and across the country as a whole, with diversity and abundance

declining more in the south.

Changs in hostplant abundance within woodlands did not explain the trends obseAradr

et al. (2010¥ound that the percentage canopy cover of oak in woodlands across Great Britain
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had significantly decreased between the 1980s and 2003/4 while the percentage cover of ash
had increased. While there are not enough monophagous moth species for robust aralysis,
cursory look at the data shows that cdeders in broadleaf woodland have indeed tended
to decline, but so have both of the species that specialise onFagh$3). Two oakfeeding
species have undergone segaleclines in broadleaf woodlanBEnnomos fuscantarigbusky
Thorn) andCymatophorina dilut§Oak Lutestring) aB95% and100% respectively. Similarly,
althoughAmar et al. (201eported significant increases in the cover of honeysuckle at the
shrub layer, the onhjhoneysucklespecialist moth was found to have declined 4% in
broadleaf woodland, althougnot significantly so (95% G50%, 7%). Furthermore, despite
evidence that deer grazing in woodlands may favour the growth of grasses ovefDotbsan

et al., 2010) moths that feed on grasses declined at a similar rate to those that feed on forbs
in broadleaf woodland habitaFg. 214). Similarly, domination by bracken is also associated
with overgrazing by dee(Putman et al., 1989yet the three species that specialise on
bracken have all declined, although nsignificantly, in broadleaf woodlandPetrophora
chlorosata(Brown Silvetines):-36% (95%1:-58%, 1.4%)hymatopus heta (Gold Swift):-

40% {80%, 108%) anBuplexia lucipargSmall Angle Shades¥1% (65%, 3.9%).

None of the hypotheses posited to explain the decline in abundance and diversity of moths
in broadleaf woodland are supportdyy the data in this thesis. Timechanisms behind moth
decline in woodland is of key importance to halting the decline in moths, and suggestions for

further research are discussed in sectmd.1

2.5.7.4 Improved grassland

Grassland was severely impacted by agricultural intensification in the-vyerstperiod
(Boatman et al., 2007)ike arable habitats, grassland wabjsuat to hedgerow removal and
increased chemical inputs, but also experienced changes that did not apply to arable land:
notlek a0 GKS WAYLINE @S Y-8s¢ tyge, impkoved grasdla@dds s namié.A a
Improvement in this context refers to the rigzement of a diverse sward with a monoculture

of productive grass (e.d-plium perenngand enhancement with nutrient inputsaidlaw and

Frame 2013) The disastrous consequences of these changes for insect diversity in grasslands
are weltknown (Asher et al., 2001, Robinson and Sutherland, 2002) the effect on the

abundance and diversity of moths is not wallidied. The majority of improvement to
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grassland occurred before 19@Buller, 1987)so this time series did not capture most of the
resulting effect on moths. However, these changes continued more slowly into the 1980s, and
the extent d seminatural (unimproved) grassland in England and Wales is now 3% of its 1930
level. Similar figures are expected in lowland Scotl@allock et al., 2011)t is therefoe
surprising that moth species richness remained stable over this time, and diversity
significantly increased(g. 23). When improved grasslands were split by north and south, it
was found that while species ricass declined significantly in the south, species richness
increasedsignificantly in the northKig. 27). Similay, the decline in abundance in this habitat
was restricted to the soutl abundance increased nesignificantly in the north. This regional
difference suggests that climate may play a role. Still, only one climate variable was found to
interact with regionin determining abundance: high rainfall in the previous summer had a
more negative effect on mothbaindarce in northern improved grassland compared to

southern improved grasslanéiy. 222).

The increase in gram®y intensity over the timgeriod may explai the observed decline in
moth abundance as high levelsf grazing by livestock are associated with low moth
abundance(Littlewood, 2008) Bah forb and grass feeders declined in improved grassland
habitat Fig. 214) which is consistenwith this hypothess, although species polyphagous on
low-growing plantsremained stable. Grazing intensity by shee@shincreased more in
England than in Scotland and Wa(€slller and Gough, 1999¥hich may partly explain why

the abundance and diversity have declinadhe south but not in the north.

2.5.7.5 Other sermatural

This habitat category contains several habitat types (see selt®f) that have different
land-use histories angressures, so generalisations about potential drivers of change are not
possible. The dominant langse types in this category are open, levtility environments

such as calcareous grassland and coastal vegetdtaid 22). This category was designated
mainly as a further contrast against agriculturally intensive habitat (arable and improved
grassland) and closethabitats (broadleaf woodland and coeif plantation) to test
hypotheses regarding agricultural int&fication and woodland management. Total moth
abundance was relatively severe-46%, and all the significant decline occurred before 1990,

after which alundance stabilisedr{g. 28 f). Trends of individual spes were more negative
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than in most other habitats Fig. 212), but species richness and diversity showed no
signifcant changeKig. 23). Species tht feed on forbs and grass fared especially badly in
this habitat with both groups declining more in this habitat than in any otliég. (214).
Species that feed on broadleaf trees, broadleaf shrubs, or both, all remained stable, in
contrast to the national situation in which these species declined significdfitly 21.3). The

loss of species thdeed onlow-growing plantsand the stability of woody plant feeders points

to factors scrukencroaciment as drivers of declin@Balmer and Erhardt, 2000\hile the

small sample size of highly disparate sites in tlabitat category makes speculatio, the
results demonstrate that moth declines have occurred in alitagdband, since 1968, appear

to have been more seveiia presumably less agriculturally intensive areas than in arable and

improved grassland habitat.

2.5.7.6 Upland

The decline in total moth abundance in uplands was more severeithany other habita

type apart from urbarg with both habitats showing decline of-47%. The decline in total
abundance was countered by the average abundance trend ofithdil common species
(Fig. 212), which were stable on average. This implies that a small number of highly atundan
species have delineénd these make up the bulk of the total decline. When the data were
examinedn more detalil, it was found that three species were notably dominant in the upland
sites: Xanthorhoe montanatgSilverground Carpet)Orthosia gothicaHebrew Character)

and Cerapteryx graminigAntler Moth) Fig. SZ). Together, these three species accounted
for 20.5% of all individuals recorded in the upland sites. Thet mlogndant of theseC.
graminis showeda nonsignificant increase in abundance of 118% whebeasontanataand

O. gothicashowed significat declines 0f61% and63%, respectively. These large declines in
two of the most abundant species partly explautny overall abundance in uplands has
dedined whereas the average species trend is stable. The reasons for decline in these two
speciesare not clear: both are very common and widespread species found in most habitats.
Both these species declined sigrafitly at the national leveld. gothica-31%X. montanata

-61%), meaning that the drivers of their declines are not limited to uplandédtsbi

Although it is wetknown that climate change has led to declines in audpted species at

high altitudes(Wiens, 2016)it appears that this is not the reason for the decline in total
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abundance in uplands. There were pold-adapted species common enough in the RIS
database for which to produce meaningful trends. While it is likieat such species have
indeed declined impland sites, they do not contribute enough to influence the overall trend,
suggesting that the drers of decline in uplands are due to other factors such as habitat
change. Grazing intensity has increased in thands since 1968-uller and Gough, 199

and, as with lowlands, overgrazing results in reduced moth abundance through the loss of
hostplants(Littlewood, 2008) However, species that feed on grasses or forbs both remained
stable in uplad habitats Fig. 214), so a loss of forbs and grasses through grazing is not likely.
The largest delines in uplands occurred in species that feed on broadleaf shrubs. It is known
that overgrazing by sheep reduces the cover of shrubs in upland h@Hitéhe et al., 1999,
Mardon, 2003)and this may partly explain the decline in shifieleding species.

2.5.7.7 Urban

Despite rapid urbardevelopment in the @" century, less than 6% of the UK consists of
continuous and discontinuous han fabric(Rae, 2017)although this figure is higher in

England at 9%. Withidiscontinuous urban fabric (suburbs), a large proportion of lauogh

to 50% consists of green space including parks, gardens and recreational gRaed?017)

While it is not possible to quantify the precise amount of urban tlgwaent that has

occured around the RIS network sites, by comparing the 1990 and 2015 Land CesritMa

Aa Of SFNJGKIFG o6& FINIGKS Yz2ald daNDly RISt 2 LIY
S29). Dueto the differing methodologies of the 1990 and 2015 maps, the two cannot be
directly compared. Inded, this is clearly the case, as many sites in the network apparently
become substantially less urban during they&ar period Fig. SA). This reduction in urban

land cover is a highly unlikely situation andlmm@st certainly due to errors in classification in

the earlier map. However, in all six habitat categories apart from urban, the median change

in urban landcover was ~ 0% whereas in urban sites, the median was 1Zt8%means that

0KS WdzND | tggory ikcluded bibth Kistofidally urban sites and sites that have become

more urban during the time series. For this reason, the habitat category shoglohisedered

& WdzNDBFy | yR dzNB I y A aukty Hglrésolatiéhi dccbiratél, Kigridal A & Y 2

land-use data is available, this is a necessary compromise.
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Considering that urban habitat has undergone urbanisation in the-p®88 period, it is1ot
surprising that this habitat type has suffered a sevesslin total moth abundance a47%.
Trends of individual species have also been sevieig 12). Investigation of feeding guilds
shows that specieséding on broadleaf shrubs have fared especially badly while those that
feed on lichens are doing legively well Fig. 214). The success of lichdeeders is
presumably due to the increased air quality and subsequoroliferation of lichengGilbert,
1992) It is likely that in urban areas, air pollution was more prevalent ihahe surrounding
countryside, so the lichens and lich&seders had more to gain when air pollution was
ameliorated.Also notableis the significant increasa of species that overwinter as adults in
urban habitat compared téhe other three overwingring stage groups in this habitéig.
2.16). It could be argued that the warmer micaimate of urban environments nkas
overwintering survivagasier for adult moths, but this contradicts findings that warm winters
have an especiallpegative effect on species that oventeér as adults Kig. 223). An
alternative explanation ishiat the urban environment provides an abundance of @uyd
sheltered places in which to overwintewith reduced pressure from fungal pathogens and
potentially reducedpredation rates However, this is speculative and would require further

research iroverwintering mortality of adult moths in contrasting sitiians to elucidate.

With urban spread, the abundance and diversity of a variety of taxa are typiball not
always, reduced, depending on the taxa in question and the habitat type that the urban
development is replacin@Kowarik, 2011, McKinney, 2008)rban development replaces pre
existing vegetation with noporous surfaces. This lange change is sedvidently
detrimental to moth species that feed on the plants that have been removed. However, the
parks gardens, roadside verges and increased structural diversity that accoespaiiian
development are beneficial to some species, and this may help exptairspecies diversity,

but not richness, significantly increased in this habitat type. The roldifte light at night
(ALAN) may have also played a role in the declimaaihs in this habitat. There are several
deleterious effects of ALAN on motf{iéan Langevelde et al., 201&)d increased®LAN has
been linked to abundance declin®Vilson et al.,, 2018)ALAN has increased since 1968
(Bennie et al., 2014xo it is likely that, along with habitat loss, ALAN has partly dtiven

sharp decline in moth abundance that we see in urban habitat.
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2.5.8 Lintations of the study

2.5.8.1 Spatial and temporal limitation of the network

Despite being the most spatially and temporally extensive insect monitoring network in the
world, the RIS still suffers from limitations and biases. Although the trap sitesvate
distributed throughout the UKHFig. 21), there is a clear southern bias: of the 349 sites
included in this study, 243 were in the sbuand 106 wee in the north. Furthermore, due to

the nature of the trapping system, site locations need to be located where there is access to
mains eleaticity and frequent human maintenance; effectively excluding large areas of
remote, especially uplah) habitat. Adiscussed in sectioB.5.8.] the spatial extent oftte
survey allows for very robust estimates of moth abundance trends at the national scale, but
when only a small subset of sites are taken to represent a single haltitatindividual
situation of each site becomes more important. The observed trends moayaccurately
represent the situation at the national level. For this reason, findings regardidgrun

al YL SR KFoAdGrda o002y AT SNI -nbtdogNil ik 26/1aA (dkLdE & 0y

interpreted with caution.

While the overall decline in mothumbers caught in RIS moth traps across the UK had
undoubtedly declined since 1968, the claims m&eee about habitatspecific trends must

be interpreted with cautionThe network of traps used here consisted of 349 traps, which
allows for very robust eshates of national abundance trends. However, once the sites are
split into habitat categories, thaliosyncrasies of individual sites become more important,
especiallyF 2 NJ G KS O2y A TSN o i \baNE § 02 yI>y RW 2didl8f S NJ Ra SOt
consistedof 12, 16 and 15 sites each, respectively. Furthermore, the categorisation of sites
into discrete haitats is somewhat artificial as each site is, in reality, a mixtirseveral
habitats. Using the modal habitat within a certain radius has certain pnahlé&or example,

if a site were 40% woodland, 30% arable land and 30% improved grassland, it vwould b
classed as woodland. But if a site were 40% woodland and 60% atakbuld be classed as
arable, despite having the same amount of woodland as the dits. Alternatives to this
approach include using all habitat types as continuous variableshlsutdsults in extremely
high variance inflation factors due to thperfect collinearity of areas within a circle. The use

of Principal Components Analysisgive each site a set of uncorrelated continuous habitat
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spectrum variables is also possible, the difficulty of interpreting the results tends to make
things les<lear rather than more so. Simplifying the habitat types down to a binary variable
suchas farmland/not farmland is another option, but the value in doing so is questionable.
The habitatselection technique used here, although not free of limitationgrabably the

best method available.

2.5.8.2 Reduction in trap efficacy due to lightytion

There is potential that the efficacy of the light traps themselves may have been reduced due
to light pollution. There are two ways in which this could havepesed. 1) It is welknown

that light pollution has increased since the 1960s which fessilted in a higher level of
background light and skyglow at nigtBennie ¢ al., 2014) It is possible that the reduced
contrast between the lightrap and the surroundingrevironment has made the traps less
attractive or has reduced theirtiactive radius. It is known that background illumination by
moonlight reduces the ataictiveness of lightraps to moths(Bowden, 1982)but it is not
known to what extent illuminatin caused by artificial light at night has the same effect.
Conrad efal. (2006) addressed this issue by comparing ts@ees of 8 years at 116 RIS sites
that had/had not increased in light pollution (quantified using satellite data) and showed the
abundarce trends did not differ between the two groups. Although this asialyvas quite
coarse, it does demonstrate that if background illumination is havingffaateit is likely to

be small. 2) Moths in areas of high light pollution may have a reduced-tigight response

due to evolution through natural selection. Alteatt and Ebert (2016) tested a single moth
species and found that individuals collectadireas with high light pollution engaged in flight
to-light behaviour 30% less than those colletie dark areas. While this phenomenon is
unlikely to affect mothsn the countryside, abundance trends of moths in urban areas may
be at least partly inflanced by this artefact. Further research into the effect of background
illumination on lighttrap atiractiveness would be needed to resolve this issue. Additionally,
repeating the experiment by Altermatt and Ebert (2016) on other moth species is necessary

to determine whether this is a potential problem for liginap networks.

2.5.8.3 Artefacts due tochanges in woodland structure
As discussed in sectidh4.7.3 woodlands in the UK have becomeasser at the field and
shrub layer (<2 m in height) and denser at the-sahopy layer. The Rothatesl light trap is
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specifically designed to prevent attracting moths flying overhead. The light is situated 1.2 m
above the ground, and it has a black opadjdethat directs the light downwards (Williams,
1948). A potential artefact of the canopy becomuhgnser at the expense of the field and
shrub layer, are changes to vertical stratification of moth communities. Insect abundance and
activity varies across vertical gradient within woodlands (Ulyshen, 2011) and it is known that
moth activity-density deays wih vertical height(De Smedt et al., 2019, Taylor and French,
1974) With more of the foliage in the canopy layer, it follows that moth activity may also be
concentrated higher up in the woodland canopy and further away from the light trap,
reducing the likehood of being attracted and caught. Whether or not this concern is realistic
is entirely unknown. Vertical stratification of moths in temperate broadleabaand is not

well studied(De Smedt et al., 2019Consequently, nothing isxawn about the relationship
between the stratification of plants and mug within woodlands. Addressing this knowledge
gap is necessary to fully understand how changes in woodland structure have affected both

the real and perceed changes in moth abundaac

2.6 Conclusions

The decline of moths in broadleaf woodlands is eggdcconcerning as we do not know what

is driving these changes. Climate may have a role, but this appears to be mostly consistent
across habitats, so caoh explain the decline in woodlands. It could bleat moth
communities in farmlands underwent theimajor decline during the Green Revolution of the
1950s and the communities of broadleaf woodlands are experiencing the effects of
agricultural intensificabn and habitat fragmentation more slowly. Howeyéhere is no
evidence presented here to supportish Moth abundance declined across all habitat types in
the UK from 1968 to 2016, and the declines were especially severe in urban habitats, uplands,
broadS I ¥ &2 2 Rf I y R -y lYiRdzNE 2 (KIS 3 tcsdGEne Al farmland. Species
life-history traits including feeding guild, overwintering stage and wingspan influenced their
likelihood of decline, and there was some interaction between habitat aedifg guild.

There was no evidence that a redigt in hostplant abundance due to shading and deer
browsing is the mechanism behind moth decline in broadleaf woodlands as declines were
independent of feeding guilds. Warm winters were associated with lothrabundance the

following year and species il four overwintering stage groups were adverselieefed by
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warm winters, especially those that overwinter as eggs and adults. It is likely that climate
change has played a role in the decline of mothshim UK, but these have been at least
partially mtigated by increased species richness in the noitithe UK due to expanding

climatic envelopes, as well as warmer summers which are associated with higher abundance.
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2.7 Supporting information

Table S21. Species traits asstated with changes in a) moth and b) butterfly abdance and
distribution. Papers are grouped into those that associate each trait with increase, decline or
stability/no effect. Each trait is coloured eith#ue for increase, red for decrease, or greynim effect.

The strength of the colour representsetrelative weight of the evidence. Weight it calculated by
number of papers reporting increase, minus number reporting decrease with each report that finds
stability/no effect pulling the weight half anit towards zero. Papers that have the same findivased

on the same data are shown with an asterisk and only the first one is used in the weighting. References

are shown at the bottom.

Table S2.1 a)

Moth species traits

Stability / Stability /
Hostplants Increase no effect Decline Life cycle Increase no effect Decline
Feeds on conifers 1 Flies through winter 1
Feeds on fungi 2 Flies early-season 1,4
Feeds on lichens %2 Long flight period 2,4,9
Acidophilic hostplant 3 Multivoltine 1,813
Acidophobic hostplant 3 1,4,14,
Feeds on deciduous shrubs 4,3,5 1 Overwinters as adult 9,8
4,9%,7,
Feeds on deciduous trees 1,4,56 2,3 Overwinters as egg 6,813 1,14
Feeds on non-plant material 3 Univoltine 8,13 !
Nitrophilic hostplant 3 Flies late-season 4 1
Oligophagous 7,8 4 Flies mid-season 4 1
Photophobic hostplant 3 1,14,
2,4,9% Overwinters as pupa 4,8,13 97,6
7,6,10, Short flight period 2,9 4,7
Polyphagous 8 3 4,6,8 1,14,9,
Thermophilic hostplant 3 Overwinters as larva 13 7
Thermoph.obic hostplant 3 Distribution
Xerophobic hostplant 3
Xerophilic hostplant 3 LU 12
Nitrophobic hostplant 3 11 IhEpmophilic 0
Photophilic hostplant 3 11| Highpopulation density L
Feeds on grasses 12 6 |1,4,3 | [Wdespread 8,4 1
2,9%7, 11,4,7, Southern distribution 11,12
M 6,10 8 Small geographicrange 4,8 4,9
Low population density 14
1%,2,4, Medium population density 14
3,5%**,6 Northern distribution 1 11,12
. Other
Habitat = e >
Habitat generalist 5 4 4,9%,7,
1%24, Large wingspan 8 6 2,6
Prefers woodland habitat 58 Not attracted to light 13
Thermophobic 10 4,97,
Prefers arable habitat 8 S small wingspan 2 6,8
Prefers brownfield habitat 1 Attracted to light 13
Prefers forest-steppe habitat 5 Diurnal 13 a
prefers heathland habitat 8 %2 Nocumal a 2,13
Prefers suburban habitat 1
Prefers scrubland habitat 1
Prefers upland habitat 1
Prefers coastal habitat 1 4,8 More likely to increase
Prefers dry habitat 4,8
1%2,5;
8 8
11,4,8
. 1"52' 4 More likely to decline
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Tabk S2.1 b)

Butterfly species traits

Stability / Stability /
Increase no effect Decline Increase no effect Decline

Hostplants Life cycle
| 15, 16, Flies late-season 12
17 18 Flies mid-season 12
12 19 20 Long flight period 23
Feeds on grasses 19, 20 22,23,
19,12, 24,16,
Feeds on woody vegetation 21 20 Multivoltine 17 12,20 33
22,23, 22,24,
24, 16, 19, 34,
25,19, Overwinters as pupa 20
Polyphagous 17 26,20 22,24,
Local hostplant distribution 24 Overwinters as adult 19 34,20
Oligophagous 17,26 27,24 Semivoltine 17
Photophilic hostplant 18 22,24,
22,19%, 23,24, Overwinters as larva 12 19, 20 34
16,17, 28,25, 19,12, 22,24,
Monophagous 27 20 26 Overwinters as egg 20 34
Nitrophobic hostplant 16,17 33,16, 22,23,
= Univoltine 12 17 24,20
Habitat short flight period 23,25
Prefers forest edge habitat 19
Prefers high-fertility habitat 19 29 Distribution
22*:31, High population density 18,26 25
24,28, 24,12,
15%,18, 16,21, Migratory 20
Habitat generalist 19,30 32,26 Non-migratory 12 20 24
Mesophilic 18 Requires small habitat area 26
Prefers closed habitat 24 22,16,
Prefers dry habitat 26 Southern distribution 20
Prefers dry grassland habitat 18 22,24,
prefers intermediate open/closed habitat 24 26  Widespread distribution 18 20
Prefers open habitat 24  Low population density 18 26
Prefers scrubland habitat 21  Rareflocal hostplant 22 25
Intermediate habitat g list 27,24 Requires large habitat area 26
Prefers wetland habitat 18,32  Northern distribution 16 22,20
Prefers woodland habitat 19 31,32 Other
Thermophilic 15,26 >
19,21, K-strate_glst 26
0 Large wingspan 17 24,33
15,19, Low association with nectar 35
23,27,
2 15, 25,
2331'12;' 18,19, 29,16,
' ~_.' Mobile 30 26
18,35 High association with nectar 35
he r-strategist 26
33,21, Small wingspan 33 24,17
27 22 30, 26 23,24,
25%,19,
More likely to increase 2,30,
27,16 26

More likely to decline '

1 (Conrad et al.2004) 2 (Coulthard et al., 2019)3 (Hallmann et al., 2020)4 (Franzén and
Johanmsson, 2007)5(Kadlec et al., 20185 (Mattila et al., 2009)7 (Mattila et al., 208), 8(Valtonen

et al., 2017)9(Mattila et al., 2006)10(Thomsen et al2016) 11(Fox et al., 201412 (Morecroft et

al., 2009) 13(Van Langevelde et al., 2018) (Groenendijk and Ellis, 20115 (Habel et al., 2016)
17 (Poyry et al., 201718(Habel et al., 2019b19(Kuussaariteal., 2007) 20(Wepprich et al., 2019)
21 (Stefanescu et al., 201,122 (Breed et al., 2013R3 (Carnicer et al., 2013P4 (Eskildsen et al.,
2015), 25(Kotiaho et al., 200526 (Wenzel et al., 20067 (Dapporto and Dennis, 20138 (Fox et

al., 2015) 29(Maes and Van Dyck, 200BD(Warren et al., 2001)31(Brereton et al., 201132(Van

Swaay et al., 200633(Melero et al., 2016)34(Wallisdevries and Van Swaay, 2Q5)(Wallisdevries
etal., 2012)
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Table S2. Moth traits for each species used in speeg®ecificlong-term abundance trendnodels.

Agassiz| Binomial Common name| Total Feeding Feeding Ellenberg| Ellenberg| Overwinter | Forewing | Habitat
code caught | guild specificity N mean | light stage length specificity
mean
3.001 | Triodia sylvina | Orange Swift | 22834 Herbaceous | Polyphagous NA NA Larva 19 8
polyphagous
3.002 | Hepialus Common Swift | 41966 Herbaceous | Polyphagous NA NA Larva 15.5 8
lupulinus polyphagous
3.003 | Pharmacis Map-winged 21430 Herbaceous | Polyphagous NA NA Larva 20 3
fusconebulosa | Swift polyphagous
3.004 | Phymatopus Gold Swift 1400 Forbs Oligophagous | 3 6 Larva 14 2
hecta
3.005 | Hepialus humuli | Ghost Swift 3859 Herbaceous | Polyphagous NA NA Larva 28 2
polyphagous
50.002 | Zeuzera pyna Leopard Moth | 43 Broadleaf Polyphagous NA NA Larva 27.5 2
polyphagous
53.001 | Apoda limacodes Festoon 111 Broadleaf Oligophagous | 4.75 4.65 Larva 115 1
polyphagous
54.001 | Jordanita Scarce Foreste| 92 Forbs Oligophagous | 4 7.5 Larva 12.5 1
globulariae
65.001 | Falcaria Scalloped 7797 Broadleaf Oligophagous | 4 7 Pupa 16 3
lacertinaria Hooktip shrubs
65.002 | Watsonalla Oak Hookip 3536 Broadleaf Oligophagous | 4.5 6.3 Pupa 15.5 1
binaria trees
65.003 | Watsonalla Barred Hookip | 316 Broadleaf Monophagous |5 3 Pupa 14.5 1
cultraria trees
65.005 | Drepana Pebble Hook| 6985 Broadleaf Oligophagous |5 6 Pupa 19 3
falcataria tip trees
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65.007 | Cilix glaucata Chinese 21801 Broadleaf Polyphagous NA NA Pupa 115
Character shrubs
65.008 | Thyatira batis Peach Blossom| 7619 Broadleaf Oligophagous | 6 6 Pupa 17.5
shrubs
65.009 | Habrosyne Buff Arches 9099 Broadleaf Oligophagous | 6 6 Pupa 18.5
pyritoides shrubs
65.010 | Tethea ocularig Figure of Eighty 692 Broadleaf Oligophagous | 6.3 6 Pupa 18
octogesima trees
65.011 | Tethea or Poplar 267 Broadleaf Oligophagous | 6.3 6 Pupa 17.5
Lutestring trees
65.012 | Tetheella Satin Lutestring| 1955 Broadleaf Oligophagous | 4 7 Pupa 19
fluctuosa trees
65.013 | Ochropacha Common 9876 Broadleaf Oligophagous | 4 7 Pupa 16
duplaris Lutestring trees
65.014 | Cymatophorina | Oak Lutestring | 6671 Broadleaf Oligophagous | 4.5 6.3 Egg 16
diluta hartwiegi trees
65.015 | Polyploca ridens| Frosted Green | 1167 Broadleaf Oligophagous | 4.5 6.3 Pupa 16
trees
65.016 | Achlya flavicorniq Yellowhorned | 21717 Broadleaf Oligophagous | 4 7 Pupa 18.5
trees
66.001 | Poecilocampa | December 74365 Broadleaf Polyphagous NA NA Egg 18.5
populi Moth polyphagous
66.002 | Trichiura Pale Eggar 5313 Broadleaf Polyphagous NA NA Egg 15.5
crataegi polyphagous
66.003 | Malacosoma The lackey 18795 Broadleaf Polyphagous NA NA Egg 17
neustria polyphagous
66.006 | Lasiocampa Grass Eggar | 25 Herbaceous | Polyphagous NA NA Egg 255
trifolii polyphagous
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66.007 | Lasiocampa Oak Eggar 816 Broadleaf Polyphagous NA NA Larva 32.5
quercus shrubs
66.008 | Macrothylacia Fox Moth 1660 Highly Highly NA NA Larva 26.5
rubi polyphagous| polyphagous
66.010 | Euthrix potatoria | The Drinker 25758 Grasses Oligophagous | NA NA Larva 28
66.012 | Gastropacha The Lappet 251 Broadleaf Polyphagous NA NA Larva 35
quercifolia shrubs
68.001 | Saturnia pavonia| Emperor Moth | 285 Highly Highly NA NA Pupa 34
polyphagous| polyphagous
69.001 | Mimas tiliae Lime Hawk | 176 Broadleaf Polyphagous NA NA Pupa 31
moth trees
69.002 | Smerinthus Eyed Hawk| 127 Broadleaf Oligophagous | NA NA Pupa 40
ocellata moth polyphagous
69.003 | Laothoe populi | Poplar Hawk| 11342 Broadleaf Oligophagous | NA NA Pupa 38
moth trees
69.006 | Sphinx ligustri Privet Hawk| 165 Broadleaf Polyphagous NA NA Pupa 48
moth shrubs
69.007 | Hyloicus pinastri | Pine Hawk | 59 Coriferous | Oligophagous | NA NA Pupa 38
moth
69.016 | Deilephila Elephant Hawk| 582 Forbs Oligophagous | NA NA Pupa 30.5
elpenor moth
69.017 | Deilephila Small Elephan| 163 Forbs Oligophagous | NA NA Pupa 28
porcellus Hawkmoth
70.004 | Idaea rusticata | Least Carpet | 13826 Highly Highly NA NA Larva 10
polyphagous| polyphagous
70.006 | Idaea Dwarf Cream 13735 Forbs Polyphagous NA NA Larva 10
fuscovenosa Wave
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70.008 | Idaea seriata Small Dusty 28586 Forbs Polyphagous NA NA Larva 10
Wave
70.009 | Idaea SatinWave 6660 Forbs Polyphagous NA NA Larva 11
subsericeata
70.010 | Idaea sylvestrarig Dotted Border| 454 Unknown Unknown NA NA Larva 10.5
Wave
70.011 | Idaea dimidiata | Singledotted 80815 Forbs Polyphagous NA NA Larva 10
Wave
70.012 | Idaea Treble Brown| 20393 Forbs Polyphagous NA NA Larva 10.5
trigeminata Spa
70.013 | Idaea biselata Small 272571 | Forbs Unknown NA NA Larva 10.5
Fanfooted
Wave
70.015 | Idaea Small Scallop | 10931 Forbs Oligophagous | NA NA Larva 12
emarginata
70.016 | Idaea aversata | Riband Wave | 209937 | Forbs Polyphagous NA NA Larva 15
70.017 | Idaea Portland 55 Unknown Unknown NA NA Larva 14
degeneraria Riband Wave
70.018 | Idaea straminata| Plain Wave 1451 Forbs Polyphagous NA NA Larva 14
70.022 | Scopula Tawny Wave | 53 Forbs Unknown NA NA Larva 10
rubiginata
70.023 | Scopula Mullein Wave | 2903 Forbs Polyphagous NA NA Larva 135
marginepunctata
70.024 | Scopula imitaria | Small ~ Blood| 17367 Broadleaf Oligophagous | NA NA Larva 14
vein shrubs
70.025 | Scopula Lesser Crean 1829 Forbs Oligophagous |5 6.5 Larva 12.5
immutata Wave
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70.026 | Scopula ternata | Smoky Wave | 3367 Broadleaf Polyphagous 2 6.5 Larva 13.5
shrubs

70.027 | Scopula Cream Wave | 19578 Forbs Oligophagous | NA NA Larva 14.5
floslactata

70.028 | Scopula emutarig Rosy Wave 495 Unknown Unknown NA NA Larva 12

70.029 | Timandra comae| Bloodvein 35333 Forbs Polyphagous NA NA Larva 16.5

70.030 | Cyclophora Dingy Mocha | 32 Broadleaf Oligophagous | NA NA Pupa 13
pendularia trees

70.031 | Cyclophora The Mocha 141 Broadleaf Monophagous | 6 5 Pupa 125
annularia trees

70.032 | Cyclophora Birch Mocha 1158 Broadleaf Oligophagous | 4 7 Pupa 13
albipunctata trees

70.035 | Cyclophora False Mocha | 167 Broadleaf Oligophagous | 4.5 6.3 Pupa 13
porata trees

70.036 | Cyclophora Maiden's Blush| 3323 Broadleaf Oligoplagous 4.5 6.3 Pupa 14.5
punctaria trees

70.037 | Cyclophora Clay Tripldines | 2469 Broadleaf Monophagous | 5 3 Pupa 15
linearia trees

70.038 | Rhodometra The Vestal 1112 Forbs Polyphagous NA NA Immigrant | 13
sacraria

70.039 | Phibalapteryx Obliqued 463 Forbs Monophagous | 2 7 Pupa 11
virgata Striped

70.040 | Scotopteryx Lead Belle 2529 Broadleaf Oligophagous | 3.15 7.65 Larva 17
mucronata shrubs

70.041 | Scotopteryx July Belle 2762 Broadleaf Oligophagous | 3 8 Larva 17
luridata shrubs
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70.043 | Scotopteryx Chalk Cpet 32 Forbs Oligophagous | NA NA Larva 16.5
bipunctaria

70.045 | Scotopteryx Shaded Broad| 25301 Forbs Oligophagous | NA NA Larva 17.5
chenopodiata bar

70.046 | Orthonama Oblique Carpet| 4526 Forbs Oligophagous | NA NA Larva 125
vittata

70.047 | Orthonama TheGem 655 Forbs Polyphagous NA NA Immigrant | 13
obstipata

70.048 | Xanthorhoe Red Carpet 11655 Forbs Oligophagous | NA NA Larva 13.5
decoloraria

70.049 | Xanthorhoe Garden Carpet | 97005 Forbs Oligophagous | NA NA Pupa 14.5
fluctuata

70.050 | Xanthorhoe BalsamCarpet | 331 Forbs Oligophagous | NA NA Pupa 13
biriviata

70.051 | Xanthorhoe Red Twirspot | 75838 Forbs Polyphagous NA NA Pupa 125
spadicearia Carpet

70.052 | Xanthorhoe Darkbarred 98311 Forbs Polyphagous NA NA Pupa 12.5
ferrugata Twinspot

Carpet

70.053 | Xanthorh@ Flame Carpet | 49157 Forbs Oligophagous | NA NA Pupa 12.5
designata

70.054 | Xanthorhoe Silverground 248904 | Forbs Polyphagous NA NA Larva 15.5
montanata Carpet

70.055 | Xanthorhoe Large Twirspot | 5014 Forbs Polyphagous NA NA Larva 15
quadrifasciata Carpet

70.056 | Catarhoe Royal Mantle | 108 Forbs Oligophagous | 3 7 Pupa 13
cuculata

70.057 | Catarhoe Ruddy Carpet | 786 Forbs Oligophagous | 3 7 Pupa 14
rubidata
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70.059 | Camptogramma | Yellow Shell 7311 Forbs Polyphagous NA NA Larva 14
bilineata

70.060 | Epirrhoetristata | Small Argent & 182 Forbs Monophagous | 3 6 Pupa 12

Sable

70.061 | Epirrhoe Common 85205 Forbs Oligophagous | NA NA Pupa 13.5
alternata Carpet

70.062 | Epirrhoe rivata | Wood Carpet | 3611 Forbs Oligophagous | 3 7 Pupa 15

70.063 | Epirrhoe galiata | GaliumCarpet | 1630 Forbs Oligophagous | 3 6.666667| Pupa 14

70.064 | Euphyia Cloaked Carpet 591 Forbs Oligophagous | NA NA Pupa 15.5
biangulata

70.065 | Euphyia Sharpangled 5002 Forbs Unknown NA NA Pupa 14.5
unangulata Carpet

70.066 | Anticlea badiata | Shoulder Sipe | 15458 Broadleaf Oligophagous | NA NA Larva 16

shrubs
70.067 | Anticlea derivata| The Streamer | 16273 Broadleaf Oligophagous | NA NA Larva 15
shrubs

70.068 | Mesoleuca Beautiful 1367 Broadleaf Oligophagous | NA NA Pupa 16.5
albicillata Carpet shrubs

70.069 | Pelurga comitata| Dark Spinach | 3412 Forbs Oligophagous | NA NA Pupa 17

70.070 | Larentia clavaria| The Mallow 2740 Forbs Oligophagous |5 7.333333| Egg 20.5

70.071 | Entephria Yellowringed | 83 Forbs Oligophagous | NA NA Larva 17.5
flavicinctata Carpet

70.072 | Entephria Grey Mountain| 10216 Broadleaf Oligophagous | 2 6.5 Larva 17.5
caesiata Carpet shrubs

70.073 | Spargania White-banded | 544 Forbs Monophagous | 5 6 Pupa 14.5
luctuata Carpet
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70.074 | Hydriomena July Highflyer | 234270 | Woody Polyphagaos NA NA Egg 16
furcata polyphagous
70.075 | Hydriomena May Highflyer | 4192 Broadleaf Monophagous | 6 5 Pupa 14.5
impluviata trees
70.076 | Hydriomena RuddyHighflyer| 745 Broadleaf Oligophagous | NA NA Pupa 15.5
ruberata shrubs
70.077 | Thera firmata Pine Carpet 7982 Coniferous | Oligophagous | 2 7 Egg 14.5
70.078 | Thera cognata | Chestnut 185 Coniferous | Monophagous | 3 8 Larva 12.5
coloured
Carpet
70.079 | Therabritannica | Spruce Carpet | 14511 Coniferous | Oligophagous | NA NA Larva 15
70.081 | Thera obeliscata| Grey Ping 35793 Caiiferous | Oligophagous | NA NA Larva 15
Carpet
70.082 | Thera juniperata | Juniper Carpet | 2146 Coniferous | Oligophagous | 3 8 Egg 12.5
70.082 | Thera cupressatg Cypress Carpet| 270 Coniferous | Oligophagous | NA NA Larva 13.5
70.084 | Plemyria Bluebordered | 2163 Broadleaf Polyphagous NA NA Egg 135
rubiginata Carpet shrubs
70.085 | Cidaria fulvata | Barred Yellow | 18191 Broadleaf Oligophagous | NA NA Egg 13
shrubs
70.086 | Electrophaes Brokenbarred | 7057 Broadleaf Polyphagous NA NA Pupa 15
corylata Carpet polyphagous
70.087 | Cosmorhoe Purple Bar 37405 Forbs Oligophagous | NA NA Larva 14
ocellata
70.089 | Eulithis prunata | ThePhoenix 4444 Broadleaf Oligophagous | 6 5 Egg 18
shrubs
70.090 | Eulithis testata | The Chevron | 42221 Broadleaf Polyphagous NA NA Egg 16
shrubs
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70.091 | Eulthis populata | Northern 120413 | Broadleaf Monophagous | 2 6 Egg 15.5
Spinach shrubs
70.092 | Eulithis mellinata] The Spinach 2058 Broadleaf Oligophagous | 6 5 Egg 17
shrubs
70.093 | Eulithis pyraliata | Barred Straw | 115477 | Forbs Oligophagous | NA NA Egg 16.5
70.094 | Ecliptopera Small Phoenix | 55367 Forbs Oligophagous | NA NA Pupa 15
silaceata
70.095 | Chloroclysta Redgreen 30531 Broadleaf | Polyphagous NA NA Adult 155
siterata Carpet polyphagous
70.096 | Chloroclysta Autumn Green| 17720 Broadleaf Polyphagous NA NA Adult 16
miata Carpet polyphagous
70.097 | Chloroclysta ArranCarpet 51 Broadleaf Oligophagous | 2 6.5 Larva 16.5
concinnata shrubs
70.097 | Chloroclysta Common 129279 | Highly Highly NA NA Larva 16.5
truncata Marbled Carpet polyphagous| polyphagous
70.098 | Chloroclysta Dark Marbled| 115068 | Broadleaf Polyphagous NA NA Egg 16.5
citrata Carpet shrubs
70.099 | Colostygia Beechgreen 2206 Forbs Oligophagous | 3 6.666667| Larva 14
olivata Carpet
70.100 | Colostygia Green Carpet | 86961 Forbs Oligophagous | NA NA Larva 13.5
pectinataria
70.101 | Colostygia Mottled Grey | 48715 Forbs Oligophagous | NA NA Pupa 15
multistrigaria
70.102 | Coenotephria Striped Twin| 6273 Forbs Oligophagous | NA NA Pupa 13.5
salicata spot Carpet
70.103 | Lampropteryx Water Carpet | 26683 Forbs Oligophagous | NA NA Pupa 15.5
suffumata
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70.104 | Lampropteryx Devon Carpet | 8329 Forbs Oligophagous | 4 7 Pupa 13
otregiata
70.105 | Operophtera Northern 24350 Broadleaf Polyphagous NA NA Egg 16
fagata Winter Moth polyphagous
70.106 | Operophtera Winter Moth 120826 | Broadleaf Polyphagous NA NA Egg 14.5
brumata polyphagous
70.107 | Epirrita dilutata | November 228675 | Broadleaf Polyphagous NA NA Egg 17.5
Moth polyphagous
70.108 | Epirrita christyi | Pale Novembel 53754 Broadleaf Polyphagous NA NA Egg 17.5
Moth polyphagous
70.109 | Epirrita Autumnal Moth| 47328 Broadleaf Polyphagous NA NA Egg 18
autumnata polyphagous
70.110 | Epirrita Small Autumnal 24649 Broadleaf Polyphagous NA NA Egg 16
filigrammaria Moth shrubs
70.111 | Asthena albulata| Small White| 4192 Broadeaf Polyphagous NA NA Pupa 10
Wave polyphagous
70.112 | Euchoeca Dingy Shell 1645 Broadleaf Monophagous | 6 5 Pupa 10.5
nebulata trees
70.113 | Hydrelia sylvata | Waved Carpet | 1223 Broadleaf Polyphagous NA NA Pupa 12
trees
70.114 | Hydrelia Small Yellow | 770 Broadleaf Polyphagous 6 4.666667| Pupa 10
flammeolaria Wave trees
70.115 | Venusia Welsh Wave 7572 Broadleaf Polyphagous NA NA Pupa 14
cambrica trees
70.116 | Discoloxia Blomer's 116 Broadleaf Monophagous | NA NA Pupa 115
blomeri Rivulet trees
70.117 | Minoamurinata | Drab Looper 31 Forbs Monophagous | 6 4 Pupa 10
70.118 | Philereme Brown Scallop | 361 Broadleaf Monophagous | 6 7 Egg 14.5
vetulata shrubs
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70.119 | Philereme Dark Umber 2370 Broadleaf Oligophagous | 5.5 6.5 Egg 18.5
transversata shrubs
britannica

70.121 | Rheumaptera Scallop Shell | 2199 Broadleaf Polyphagous NA NA Pupa 17.5
undulata shrubs

70.122 | Rheumaptera Scarce Tissue | 350 Broadleaf Monophagous | NA NA Pupa 20.5
cervinalis shrubs

70.123 | Triphosa TheTissue 405 Broadleaf Oligophagas 5.5 6.5 Adult 20.5
dubitata shrubs

70.125 | Coenocalpe Slenderstriped | 725 Forbs Oligophagous | NA NA Egg 14.5
lapidata Rufous

70.126 | Horisme Small Waved 3109 Broadleaf Monophagous | 5 6 Pupa 15.5
vitalbata Umber shrubs

70.127 | Horisme tersata | The Fern 3296 Broadleaf Monophagous | 5 6 Pupa 16

shrubs

70.128 | Melanthia Pretty  Chalk 3247 Broadleaf Monophagous | 5 6 Pupa 17
procellata Carpet shrubs

70.130 | Odezia atrata Chimney 172 Forbs Oligophagous | 5 6 Egg 135

sweeper

70.131 | Perizoma Twin-spot 29441 Highly Highly NA NA Egg 13
didymata Carpet polyphagous| polyphagous

70.132 | Perizoma The Rivulet 20855 Forbs Monophagous | 7 5 Pupa 13.5
affinitata

70.133 | Perizoma Small Rivulet | 68804 Forbs Oligophagous | 7 6.5 Pupa 10
alchemillata

70.134 | Perizoma Barred Rivlet | 744 Forbs Monophagous | 5 7 Pupa 10
bifaciata

70.136 | Perizoma Pretty Pinion | 674 Forbs Monophagous | 3 8 Pupa 10
blandiata
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70.137 | Perizoma Grass Rivulet | 4427 Forbs Monophagous | 4 7 Pupa 11
albulata

70.138 | Perizoma Sandy Carpet | 17259 Forbs Oligophagous 6 6.333333| Pupa 12.5
flavofasciata

70.139 | Perizoma Barred Carpet | 224 Moss Unknown NA NA Larva 11.5
taeniata

70.141 | Gymnoscelis Doublestriped | 51718 Highly Highly NA NA Pupa 9
rufifasciata Pug polyphagous| polyphagous

70.142 | Chloroclystis V-Pug 3850 Highly Highly NA NA Pupa 9
ata polyphagous| polyphagous

70.143 | Pasiphila Sloe Pug 150 Broadleaf Monophagous | 6 6 Egg 9.5
chloerata shrubs

70.144 | Pasiphila Green Pug 15744 Broadleaf Oligophagous | NA NA Egg 9.5
rectangulata shrubs

70.145 | Pasiphila Bilberry Pug 5732 Broadleaf Monophagous | 5 6 Egg 10
debiliata shrubs

70.146 | Eupithecia Haworth's Pug | 1920 Broadleaf Oligophagous |5 6 Pupa 8.5
haworthiata shrubs

70.147 | Eupithecia Slender Pug 1395 Broadleaf Oligophagous | NA NA Egg 9
tenuiata trees

70.148 | Eupthecia Maple Pug 1623 Broadleaf Monophagous | 6 5 Egg 9
inturbata trees

70.149 | Eupithecia Cloaked Pug | 56 Coniferous | Oligophagous | NA NA Pupa 13
abietaria

70.150 | Eupithecia Toadflax Pug | 1501 Forbs Monophagous | 6 7 Pupa 9.5
linariata

70.151 | Eupithecia Foxglove Pug | 7985 Forbs Monophagous | 5 6 Pupa 11
pulchellata
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70.153 | Eupithecia Leadcoloured | 3473 Forbs Monophagous | 3 5 Pupa 9.5
plumbeolata Pug

70.154 | Eupithecia Marsh Pug 29 Forbs Oligophagous | NA NA Pupa 8.5
pygmaeata

70.155 | Eupithecia Netted Pug 532 Forbs Oligophagous | 4.5 7.5 Pupa 12
venosata

70.156 | Eupithecia Brindled Pug | 42794 Broadleaf Polyphagous NA NA Pupa 11
abbreviata polyphagous

70.157 | Eupithecia Oaktree Pug | 2430 Broadleaf Polyphagous 5 5.9 Pupa 9.5
dodoneata polyphagous

70.158 | Eupithecia Juniper Pug 8614 Coniferous | Oligophagous | 3 8 Egg 10
pusillata

70.159 | Eupithecia Cypress Pug | 644 Coniferous | Oligophagous | NA NA Larva 10.5
phoeniceata

70.160 | Eupithecia White-spotted | 3157 Highly Highly NA NA Pupa 11
tripunctaria Pug polyphagous| polyphagos

70.161 | Eupithecia Goldenrod Pug| 5347 Forbs Oligophagous | 3.5 6 Pupa 10.5
virgaureata

70.162 | Eupithecia Dwarf Pug 1516 Coniferous | Oligophagous | NA NA Pupa 10
tantillaria

70.163 | Eupithecia Larch Pug 2712 Coniferous | Monophagais | 3 7 Pupa 11
lariciata

70.165 | Eupithecia Pimpinel Pug | 69 Forbs Monophagous | 3 7 Pupa 115
pimpinellata

70.166 | Eupithecia Plain Pug 455 Forbs Oligophagous | NA NA Pupa 12
simpliciata

70.168 | Eupithecia Narrowwinged | 16741 Forbs Oligophagous | 2 7 Pupa 10.5

nanata angusta

Pug
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70.169 | Eupithecia Ash Pug 832 Broadleaf Monophagous | 6 5 Pupa 11
fraxinata trees

70.169 | Eupithecia Anglebarred 159 Broadleaf Polyphagous NA NA Pupa 11
innotata Pug shrubs

70.170 | Eupithecia Marbled Pug 103 Broadleaf Monophagous | 4.5 6.3 Pupa 10
irriguata trees

70.171 | Eupithecia Ochreous Pug | 947 Coniferous | Oligophagous | NA NA Pupa 9
indigata

70.172 | Eupithecia Thyme Pug 390 Forbs Monophagous | 2 8 Pupa 9
distinctaria
constrictata

70.173 | Eupithecia Limespeck Pug| 9018 Foibs Polyphagous NA NA Pupa 11
centaureata

70.174 | Eupithecia Pinionspotted | 43 Broadleaf Oligophagous | NA NA Pupa 11
insigniata Pug shrubs

70.175 | Eupithecia Triplespotted | 280 Forbs Oligophagous | 6 7 Pupa 10.5
trisignaria Pug

70.176 | Eupithecia EdinburghPug | 4665 Coniferous | Oligophagous | NA NA Pupa 125
intricata

70.177 | Eupithecia Satyr Pug 2359 Forbs Polyphagous NA NA Pupa 11
satyrata

70.178 | Eupithecia Scarce Pug 1159 Broadleaf Monophagous | NA NA Pupa 12
extensaria shrubs
occidua

70.179 | Eupithecia Ling Pug 276 Broadleaf Oligophagous | 1.7 7.4 Pupa 115
goossensita shrubs

70.179 | Eupithecia Wormwood 12003 Forbs Oligophagous | NA NA Pupa 115
absinthiata Pug
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70.180 | Eupithecia Bleached Pug | 128 Forbs Monophagous | 3 5 Pupa 12.5
expallidata

70.181 | Eupithecia Valerian Pug | 208 Forbs Monophagous | 5 6 Pupa 9
valerianata

70.182 | Eupithecia Currant Pug 4537 Broadleaf Polyphagous 6.666667| 5.333333| Pupa 11
assimilata shrubs

70.183 | Eupithecia Common Pug | 85785 Highly Highly NA NA Pupa 11
vulgata polyphagous| polyphagous

70.184 | Eupithecia Mottled Pug 17325 Broadleaf Polyphagous NA NA Pupa 115
exiguata shrubs

70.185 | Eupithecia Campanula Pug 34 Forbs Oligophagous | NA NA Pupa 12
denotata

70.186 | Eupithecia Yarrow Pug 123 Forbs Monophagous | 4 7 Pupa 12.5
millefoliata

70.187 | Eupithecia Tawny 8139 Forbs Oligophagous | 3.5 7 Pupa 12
icterata speckled Pug

70.188 | Eupithecia Bordered Pug | 2538 Forbs Oligophagous | NA NA Pupa 12.5
succenturiata

70.189 | Eupithecia Shaded Pug 722 Forbs Polyphagous NA NA Pupa 11
subumbrata

70.190 | Eupithecia Grey Pug 12193 Highly Highly NA NA Pupa 11
subfuscata polyphagous| polyphagous

70.191 | Carsia sororiatg Manchester 174 Broadleaf Oligophagous | NA NA Egg 13
anglica Treblebar shrubs

70.192 | Aplocera Treblebar 2107 Forbs Oligpphagous NA NA Larva 20.5
plagiata

70.193 | Aplocera Lesser Treble| 594 Forbs Oligophagous | NA NA Larva 17.5
efformata bar
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70.195 | Chesias legatella The Streak 17747 Broadleaf Oligophagous | NA NA Egg 18
shrubs
70.196 | Chesias rufata | Broomtip 2960 Broadleaf Monophagous | 4 8 Pupa 15
shrubs
70.197 | Lithostege Grey Carpet 48 Forbs Monophagous | 6 8 Pupa 15
griseata
70.198 | Lobophora The Seraphim | 447 Broadleaf Oligophagous | 6.3 6 Pupa 13.5
halterata trees
70.199 | Pterapherapteryx Small Seraphim 1487 Broadleaf Oligophagous | NA NA Pupa 10.5
sexalata trees
70.200 | Acasis viretata | Yellowbarred | 3976 Broadleaf Polyphagous NA NA Pupa 12
Brindle shrubs
70.201 | Trichopteryx Barred Tooth | 97 Broadleaf Polyphagous 5.5 55 Pupa 15.5
polycommata striped trees
70.202 | Trichogeryx Early  Tooth| 21915 Broadleaf Polyphagous NA NA Pupa 15.5
carpinata striped polyphagous
70.205 | Abraxas The Magpie 61126 Broadleaf Polyphagous NA NA Larva 21.5
grossulariata shrubs
70.206 | Abraxas sylvata | Clouded 1235 Broadleaf Oligoplagous NA NA Pupa 20
Magpie trees
70.207 | Lomaspilis Clouded Borderl 99665 Broadleaf Polyphagous NA NA Pupa 12.5
marginata trees
70.208 | Ligdia adustata | Scorched 5433 Broadleaf Monophagous | 5 5 Pupa 13
Carpet shrubs
70.211 | Macaria notata | Peacock Moth | 2589 Broadleaf Oligophagous | 4 7 Pupa 15
trees
70.212 | Macaria Sharpangled 7491 Broadleaf Polyphagous NA NA Pupa 14
alternata Peacock polyphagous
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70.214 | Macaria liturata | Tawnybarred | 7141 Coniferous | Polyphagous NA NA Pupa 15.5
Angle
70.215 | Macaria wauaria| The V¥moth 2350 Broadleaf Oligophagous | 6 5 Egg 15.5
shrubs
70.217 | ltame brunneata | Rannoch 75 Broadleaf Oligophagous | 2 6 Egg 12
Looper shrubs
70.218 | Chiasmia Latticed Heath | 11102 Forbs Oligophagous | NA NA Pupa 13
clathrata
70.221 | Cepphis Little Thorn 176 Broadleaf Oligophagous | NA NA Pupa 15.5
advenaria shrubs
70.222 | Petrophora Brown Silver| 84038 Forbs Monophagous | 3 6 Pupa 16.5
chlorosata line
70.223 | Plagodis Barred Umber | 8363 Broadleaf Polyphagous NA NA Pupa 18
pulveraria polyphagous
70.224 | Plagods Scorched Wing| 9985 Broadleaf Polyphagous NA NA Pupa 17.5
dolabraria trees
70.225 | Pachycnemia HorseChestnut | 6424 Broadleaf Oligophagous | 1.5 7.5 Pupa 15
hippocastanaria shrubs
70.226 | Opisthograptis | Brimstone 127098 | Broadleaf Polyphagous NA NA Larva 17.5
luteolata Moth shrubs
70.227 | Epione Bordered 8357 Broadleaf Polyphagous NA NA Egg 14.5
repandaria Beauty trees
70.229 | Pseudopanthera| Speckled 35 Forbs Oligophagous | 3 6 Pupa 14
macularia Yellow
70.230 | Angerona Orange Moth | 749 Broadleaf Polyphagous NA NA Larva 25
prunaria shrubs
70.231 | Apeira syringaria| Lilac Beauty 6233 Broadleaf Polyphagous NA NA Larva 20.5
shrubs
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70.232 | Ennomos Large Thorn 607 Broadleaf Polyphagous NA NA Egg 24.5
autumnaria polyphagous
70.233 | Ennomos August Thorn | 6529 Broadleaf Polyphagous NA NA Egg 20
quercinaria polyphagous
70.234 | Ennomos alniarig Canary 24301 Broadleaf Polyphagous NA NA Egg 18
shouldered trees
Thorn
70.235 | Ennomos Dusky Thorn | 6207 Broadleaf Oligophagous | 6 5 Egg 19
fuscantaria trees
70.236 | Ennomos September 6172 Broadleaf Polyphagous NA NA Egg 19
erosaria Thorn trees
70.237 | Selenia dentaria | Early Thorn 103412 | Broadleaf Polyphagous NA NA Pupa 18.5
shrubs
70.238 | Selenia lunularia| Lunar Thorn 6337 Broadleaf Polyphagous NA NA Pupa 19
polyphagous
70.239 | Selenia Purple Thorn | 12100 Broadleaf Polyphagous NA NA Pupa 20
tetralunaria polyphagous
70.240 | Odontopera Scalloped Hazeg 47430 Woody Polyphagous NA NA Pupa 22
bidentata polyphagous
70.241 | Crocallis Scalloped Oak | 42169 Broadleaf Polyphagous NA NA Egg 20
elinguaria polyphagous
70.243 | Ourapteryx Swallowtail 8708 Broadleaf Polyphagous NA NA Larva 26
sambucaria Moth shrubs
70.244 | Colotois pennarig Feathered 56187 Broadleaf Polyphagous NA NA Egg 21
Thorn polyphagous
70.245 | Alsopnila March Moth 40723 Broadleaf Polyphagous NA NA Larva 17.5
aescularia polyphagous
70.246 | Apocheima Small Brindleq 4224 Broadleaf Oligophagous | NA NA Pupa 16
hispidaria Beauty trees
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70.247 | Apocheima Pale Brindled 22519 Broadleaf Polyphagous NA NA Pupa 21.5
pilosaria Beauty polyphagous
70.248 | Lycia hirtaria Brindled Beauty 16075 Broadleaf Polyphagous NA NA Pupa 21
polyphagous
70.251 | Biston strataria | Oak Beauty 8925 Broadleaf Polyphagous NA NA Pupa 22
polyphagous
70.252 | Biston betularia | Peppere Moth | 5490 Highly Highly NA NA Pupa 25
polyphagous| polyphagous
70.253 | Agriopis Spring Usher | 10799 Broadleaf Oligophagous | 4.5 6.3 Pupa 155
leucophaearia trees
70.254 | Agriopis Scarce Umber | 35219 Broadleaf Polyphagous NA NA Egg 19
aurantiaria polyphagous
70.255 | Agriopis Dotted Border | 32928 Broadleaf Polyphagous NA NA Pupa 18
marginaria polyphagous
70.256 | Erannis defoliarig Mottled Umber | 116215 | Broadleaf Polyphagous NA NA Egg 215
polyphagous
70.257 | Menophra Waved Umber | 2425 Broadled Oligophagous | NA NA Pupa 19.5
abruptaria shrubs
70.258 | Peribatodes Willow Beauty | 33316 Woody Polyphagous NA NA Larva 20.5
rhomboidaria polyphagous
70.262 | Selidosema Bordered Grey | 27 Forbs Oligophagous | NA NA Larva 19
brunnearia
70.263 | Cleora cinctaria | RingedCarpet | 360 Broadleaf Polyphagous NA NA Pupa 18
shrubs
70.264 | Deileptenia Satin Beauty | 7255 Coniferous | Oligophagous | NA NA Larva 22
ribeata
70.265 | Alcis repandata | Mottled Beauty | 81517 Highly Highly NA NA Larva 22.5
polyphagous| polyphagous
70.266 | Alcis jubata Dotted Carpet | 20724 Lichen Oligophagous | NA NA Larva 14.5
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70.267 | Hypomecis Great Oak 1266 Broadleaf Monophagous | 4 7 Larva 27.5
roboraria Beauty trees
70.268 | Hypomecis Pale Oak 4265 Broadleaf Polyphagous NA NA Pupa 24
punctinalis Beauty polyphagous
70.270 | Ectropis The Engrailed | 75741 Woody Polyphagous NA NA Pupa 18.5
bistortata polyphagous
70.272 | Paradarisa Square Spot 647 Woody Polyphagous NA NA Pupa 19
consonaria polyphagous
70.273 | Parectropis Brindled White | 3084 Broadleaf Polyphagous NA NA Pupa 18.5
similaria spot polyphagous
70.274 | Aethalura Grey Birch 3140 Broadleaf Oligophagous | 4 7 Pupa 14.5
punctulata trees
70.275 | Ematurga Common Heath 61 Forbs Polyphagous NA NA Pupa 13.5
atomaria
70.276 | Bupalus piniaria | Bordered 1829 Coniferous | Oligophagous | NA NA Pupa 18
White
70.277 | Cabera pusaria | Common White| 95346 Broadleaf Polyphagous NA NA Pupa 16
Wave trees
70.278 | Cabera Common Wave| 70837 Broadleaf Oligophagous | NA NA Pupa 15
exanthemata trees
70.279 | Lomographa White-pinion 6135 Broadleaf Polyphagous NA NA Pupa 13.5
bimaculata Spotted shrubs
70.280 | Lomographa Clouded Silver | 14253 Broadleaf Polyphagous NA NA Pupa 14
temerata shrubs
70.281 | Aleucis Sloe Carpet 488 Broadleaf Monophagous | 6 6 Pupa 13.5
distinctata shrubs
70.282 | Theria primaria | Early Moth 5350 Broadleaf Oligophagous | 5.75 5.75 Pupa 15.5
shrubs
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70.283 | Campaea Light Emerald | 97916 Broadleaf Polyphagous NA NA Larva 22
margaritata polyphagous

70.284 | Hylaea fasciaria | Barred Red 21289 Coniferous | Oligophagos NA NA Larva 19

70.285 | Gnophos Scotch Annulet| 213 Broadleaf Oligophagous | NA NA Larva 19
obfuscata shrubs

70.287 | Charissa The Annulet 87 Forbs Polyphagous NA NA Larva 16.5
obscurata

70.288 | Cleorodes Brussels Lace | 3314 Lichen Oligophagos NA NA Larva 16
lichenaria

70.292 | Dyscia fagaria | Grey Scallopeq 1691 Broadleaf Oligophagous | 1.7 7.4 Larva 18

Bar shrubs

70.294 | Semiaspilates YellowBelle 1940 Forbs Polyphagous NA NA Larva 14
ochrearia

70.295 | Perconia Grass Wave 972 Broadleaf Oligophagous | NA NA Larva 17.5
strigillaria shrubs

70.297 | Pseudoterpna Grass Emerald | 2213 Broadleaf Oligophagous | 2.766667| 7.766667| Larva 16.5
pruinata shrubs
atropunctari

70.299 | Geometra Large Emerald | 8890 Broadleaf Polyphagous NA NA Larva 26.5
papilionaria trees

70.300 | Comibaena Blotched 3821 Broadleaf Oligophagous | 4.5 6.3 Larva 15.5
bajularia Emerald trees

70.302 | Hemistola Small Emerald | 1756 Broadleaf Monophagous | 5 6 Larva 18.5
chrysoprasaria shrubs

70.303 | Jodis lactearia | Little Emerald | 8690 Broadleaf Polyphagous NA NA Pupa 12.5

polyphagous
70.304 | Thalera fimbrialis Sussex Emeral{ 40 Forbs Monophagous | 3 8 Larva 15.5

128



70.305 | Hemithea Common 39130 Highly Highly NA NA Larva 15.5
aestivaria Emerald polyphagous| polyphagous
70.306 | Chlorissa viridatg Smal Grass| 52 Broadleaf Polyphagous NA NA Pupa 12
Emerald shrubs
71.001 | Thaumetopoea | Oak 29 Broadleaf Oligophagous | 4.5 6.3 Egg 15.5
processionea Processionary trees
Moth
71.003 | Cerura vinula Puss Moth 110 Broadleaf Oligophagous | NA NA Pupa 34.5
shrubs
71.005 | Furcula furcula | Sallow Kitten | 293 Broadleaf Oligophagous | NA NA Pupa 16
shrubs
71.007 | Furcula bifida Poplar Kitten | 56 Broadleaf Oligophagous | NA NA Pupa 19
trees
71.009 | Stauropus fagi | Lobster Moth | 560 Broadleaf Polyphagous NA NA Pupm 28.5
polyphagous
71.010 | Drymonia Marbled Brown| 5561 Broadleaf Oligophagous | 4.5 6.3 Pupa 18.5
dodonaea trees
71.011 | Drymonia Lunar Marbled| 1762 Broadleaf Oligophagous | 4.5 6.3 Pupa 18
ruficornis Brown trees
71.012 | Notodonta Iron Prominent | 1576 Broadleaf Polyphagous NA NA Pupa 21
dromedarius polyphagous
71.013 | Notodonta ziczag Pebble 4047 Broadleaf Oligophagous | NA NA Pupa 21.5
Prominent trees
71.016 | Peridea anceps | Great 4346 Broadleaf Oligophagous | 4.5 6.3 Pupa 27.5
Prominent trees
71.017 | Pheosiatrem@a | Swallow 1860 Broadleaf Oligophagous | NA NA Pupa 25
Prominent trees
71.018 | Pheosia gnoma | Lesser Swallov| 13745 Broadleaf Oligophagous | 4 7 Pupa 23
Prominent trees
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71.020 | Pterostoma Pale Prominent| 9740 Broadleaf Oligophagous | NA NA Pupa 215
palpina trees
71.021 | Ptilodon Coxcomb 18962 Broadleaf Polyphagous NA NA Pupa 19.5
capucina Prominent polyphagous
71.022 | Ptilodon Maple 273 Broadleaf Oligophagous | 6 5 Pupa 17.5
cucullina Prominent trees
71.023 | Odontosia Scarce 749 Broadleaf Oligophagous | 4 7 Pupa 195
carmelita Prominent trees
71.024 | Ptilophora Plumed 44 Broadleaf Oligophagous | 6 5 Egg 17.5
plumigera Prominent trees
71.025 | Phalera Buff-tip 8365 Broadleaf Polyphagous NA NA Pupa 28
bucephala polyphagous
71.027 | Clostera curtula | Chocolatetip 1020 Broadleaf Oligophagous | NA NA Pupa 15.5
trees
71.028 | Clostera pigra Small 55 Broadleaf Oligophagous | NA NA Pupa 12.5
Chocolatetip shrubs
72.001 | Scoliopteryx The Herald 521 Broadleaf Oligophagous | NA NA Adult 21
libatrix trees
72.002 | Rivula sdcealis | Straw Dot 127277 | Grasses Oligophagous | NA NA Larva 14
72.003 | Hypena The Snout 161014 | Forbs Monophagous | 8 6 Larva 17
proboscidalis
72.004 | Hypena rostralis | Buttoned Snout| 84 Broadleaf Monophagous | 8 6 Adult 14
shrubs
72.007 | Hypena crassalis Beautiful Snout | 6949 Broadleaf Oligophagous | 2 6 Pupa 15
shrubs
72.009 | Leucoma salicis | White Satin| 473 Broadleaf Oligophagous | NA NA Larva 22.5
Moth trees
72.010 | Lymantria Black Arches | 7745 Woody Polyphagous NA NA Egg 23
monacha polyphagous

130



72.011 | Lymantria dispar | Gypsy Moth 42 Broadleaf Polyphagous NA NA Egg 27.5
polyphagous
72.012 | Euproctis Brownttail 4245 Broadleaf Polyphagous NA NA Larva 18
chrysorrhoea shrubs
72.013 | Euproctis similis | Yellowtail 45261 Broadleaf Polyphagous NA NA Larva 19.5
polyphagous
72.015 | Calliteara Pale Tussock | 8632 Broadleaf Polyphagous NA NA Pupa 26
pudibunda polyphagous
72.016 | Dicallomera Dark Tussock | 331 Broadleaf Polyphagous NA NA Larva 23
fascelina shrubs
72.017 | Orgyia antiqua | TheVapourer | 444 Broadleaf Polyphagous NA NA Egg 14.5
polyphagous
72.019 | Spilosoma Buff Ermine 106278 | Highly Highly NA NA Pupa 19.5
luteum polyphagous| polyphagous
72.020 | Spilosoma White Ermine | 163620 | Forbs Polyphagous NA NA Pupa 20.5
lubricipeda
72.021 | Spilosoma WaterErmine | 647 Forbs Oligophagous | NA NA Pupa 19.5
urticae
72.022 | Diaphora Muslin Moth 15858 Forbs Polyphagous NA NA Pupa 16.5
mendica
72.023 | Diacrisia sannio | Clouded Buff | 1009 Forbs Polyphagous NA NA Larva 20.5
72.024 | Phragmatobia Ruby Tiger 10089 Forbs Polyphagous NA NA Larva 16.5
fuliginosa
72.026 | Arctia caja Garden Tiger | 14512 Forbs Polyphagous NA NA Larva 325
72.027 | Arctia villica| Creamspot 137 Forbs Polyphagous NA NA Larva 28.5
britannica Tiger
72.029 | Callimorpha Scarlet Tiger | 144 Foibs Polyphagous NA NA Larva 25
dominula
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72.030 | Euplagia Jersey Tiger 75 Forbs Polyphagous NA NA Larva 30.5
quadripunctaria
72.031 | Tyria jacobaeae | Cinnabar 41053 Forbs Oligophagous | 4 7 Pupa 20
72.032 | Coscinia cribrarig Speckled 34 Herbaceous | Oligophagous | NA NA Larva 16.5
Footman polyphaghus
72.035 | Miltochrista Rosy Footman | 15535 Lichen Oligophagous | NA NA Larva 13.5
miniata
72.036 | Nudaria Muslin 21210 Lichen Oligophagous | NA NA Larva 11
mundana Footman
72.037 | Thumatha senex| Roundwinged | 2894 Lichen Oligophagous | NA NA Larva 10.5
Muslin
72.038 | Cybosia Fourdotted 22989 Lichen Oligophagous | NA NA Larva 14.5
mesomella Footman
72.041 | Lithosia quadra | Fourspotted 360 Lichen Oligophagous | NA NA Larva 22
Footman
72.042 | Atolmis Rednecked 469 Lichen Oligophagous | NA NA Pupa 16.5
rubricollis Footman
72.043 | Eilema depressa| Buff Footman | 13129 Lichen Oligophagous | NA NA Larva 16
72.044 | Eilema griseola | DingyFootman | 83354 Lichen Oligophagous | NA NA Larva 16.5
72.045 | Eilema lurideola | Common 287204 | Lichen Oligophagous | NA NA Larva 15.5
Footman
72.046 | Eilema complang Scarce 12606 Lichen Oligophagous | NA NA Larva 16.5
Footman
72.047 | Eilema caniola | HoaryFootman | 507 Lichen Oligophagous | NA NA Larva 16
72.048 | Eilema Pygmy 156 Lichen Oliggphagous NA NA Larva 12.5
pygmaeola Footman
72.049 | Eilema sororcula| Orange 1933 Lichen Oligophagous | NA NA Pupa 14.5
Footman
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72.051 | Paracolax ClayFanfoot 129 Broadleaf Oligophagous | 4.5 6.3 Larva 15
tristalis trees

72.052 | Macrochilo Dotted Fanm | 79 Grasses Oligophagous | 3.333333| 5.333333| Larva 13.5
cribrumalis foot

72.053 | Zanclognatha The Farfoot 29000 Broadleaf Oligophagous | NA NA Larva 14.5
tarsipennalis trees

72.054 | Herminia Shaded Fan| 169 Unknown Unknown NA NA Larva 13
tarsicrinalis foot

72.055 | Herminia Small Fasffoot | 35815 Broadleaf Polyphagous NA NA Pupa 12
grisealis polyphagous

72.056 | Pechipogo Common Fan | 283 Broadleaf Oligophagous | NA NA Larva 15
strigilata foot trees

72.060 | Hypenodes Marsh Oblique | 2167 Unknown Unknown NA NA Larva 10
humidalis barred

72.061 | Schrankia Pinionstreaked| 2759 Unknown Unknown NA NA NA 10
costaestrigalis | Snout

72.062 | Schrankia White-line 279 Unknown Unknown NA NA Larva 10
taenialis Snout

72.063 | Lygephila The Blackneck | 655 Forbs Oligophagous |5 7 Larva 19.5
pastinum

72.066 | Parascotia Waved Black | 3774 Other Oligophagous | NA NA Larva 12.5
fuliginaria

72.067 | Phytometra Small  Purple| 236 Forbs Oligophagous | 2.5 8 Pupa 10
viridaria barred

72.069 | Laspeyria flexula| Beautiful Hook | 4046 Lichen Oligophagous | NA NA Lana 14

tip
72.078 | Catocala nupta | Red Underwing| 378 Broadleaf Oligophagous | NA NA Egg 36.5
trees
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73.001 | Abrostola The Spectacle | 12137 Forbs Monophagous | 8 6 Pupa 16
tripartita

73.002 | Abrostola Dark Spectacle| 1100 Forbs Oligophagous | 8 6 Pupa 16
triplasia

73.011 | Diachrysia Scarce 34 Forbs Monophagous | 7 7 Larva 22
chryson Burnished Bras;

73.012 | Diachrysia Burnished Bras] 20654 Forbs Oligophagous | 8 6 Larva 17.5
chrysitis

73.014 | Polychrysia Golden Plusia | 206 Forbs Oligophagous | NA NA Larva 18.5
moneta

73.015 | Autographa Silver Y 82055 Forbs Polyphagous NA NA Immigrant | 17
gamma

73.016 | Autographa Beautiful 16957 Forbs Polyphagous NA NA Larva 18.5
pulchrina Golden Y

73.017 | Autographa jota | Plain Golden Y | 4448 Forbs Polyphagous NA NA Larva 19

73.018 | Autographa Gold Spangle | 2621 Forbs Polyphagous NA NA Larva 195
bractea

73.021 | Syngrapha Scarce Silver Y| 494 Broadleaf Oligophagous | 2 6.5 Larva 16.5
interrogationis shrubs

73.022 | Plusia festucae | Gold Spot 2210 Herbaceous | Oligophagous | NA NA Larva 16.5

polyphagous

73.023 | Plusia putnami Lempke's Gold 519 Grasses Oligophagous | NA NA Larva 14.5
gracilis Spot

73.024 | Protodeltote Marbled White | 12842 Grasses Oligophagous | NA NA Pupa 115
pygarga spot

73.026 | Deltote uncula | Silver Hook 266 Grasses Oliggphagous NA NA Pupa 115

73.031 | Tyta luctuosa Fourspotted 36 Forbs Monophagous | 6 7 Pupa 12.5
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73.032 | Colocasia coryli | Nut-tree 14203 Broadleaf Polyphagous NA NA Pupa 15.5
Tussock polyphagous
73.033 | Diloba Figure of Eight | 10935 Broadeaf Polyphagous NA NA Egg 17
caeruleocephala shrubs
73.034 | Moma alpium Scarce 58 Broadleaf Oligophagous | 4.5 6.3 Pupa 18.5
Merveille  du trees
Jour
73.036 | Acronicta alni Alder Moth 156 Broadleaf Polyphagous NA NA Pupa 17.5
trees
73.037 | Acronicta tridens| Dark Dagge 310 Broadleaf Polyphagous NA NA Pupa 18.5
polyphagous
73.038 | Acronicta psi Grey Dagger | 1373 Broadleaf Polyphagous NA NA Pupa 18.5
polyphagous
73.039 | Acronicta aceris | The Sycamore | 64 Broadleaf Polyphagous NA NA Pupa 20
polyphagous
73.040 | Acronica The Miller 159 Broadleaf Polyphagous NA NA Pupa 18.5
leporina trees
73.042 | Acronicta Light Knot| 1678 Broadleaf Oligophagous | NA NA Pupa 18
menyanthidis Grass shrubs
73.045 | Acronicta rumicis Knot Grass 3254 Highly Highly NA NA Pupa 18
polyphagous| polyphagous
73.046 | Acronicta Poplar Grey 706 Broadleaf Oligophagous | 6.3 6 Pupa 18.5
megacephala trees
73.047 | Craniophora The Coronet 925 Broadleaf Oligophagous | 6.25 5.75 Pupa 18
ligustri polyphagous
73.052 | Cucullia The Shark 419 Forbs Oliggphagous NA NA Pupa 24
umbratica
73.053 | Cucullia Chamomile 142 Forbs Oligophagous | NA NA Pupa 21
chamomillae Shark
73.055 | Cucullia asteris | Starwort 50 Forbs Oligophagous | NA NA Pupa 21
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73.058 | Shargacucullia | The Mullein 77 Forbs Oligophagous | NA NA Pup 21.5
verbasci

73.061 | Stilbia anomala | The Anomaloug 3512 Grasses Oligophagous | 3.5 6 Larva 15

73.062 | Amphipyra Copper 1322 Broadleaf Polyphagous NA NA Egg 23.5
pyramidea Underwing shrubs

73.063 | Amphipyra Svenssons 1468 Broadleaf Oligophagous | NA NA Egg 23.5
berbera Copper trees
svenssoni Underwing

73.064 | Amphipyra Mouse Moth 13377 Highly Highly NA NA Egg 17
tragopoginis polyphagous| polyphagous

73.065 | Asteroscopus The Sprawler | 18534 Broadleaf Polyphagous NA NA Egg 195
sphinx polyphagous

73.066 | Brachionycha Rannoch 55 Broadleaf Oligophagous | 4 7 Pupa 22
nubeculosa Sprawler trees

73.068 | Allophyes Greenbrindled | 29900 Broadleaf Polyphagous NA NA Egg 18.5
oxyacanthae Crescent shrubs

73.069 | Xylocampa Early Grey 7079 Broadleaf Oligophagas 5 5 Pupa 16.5
areola shrubs

73.070 | Pyrrhia umbra | Bordered 107 Highly Oligophagous | NA NA Pupa 17.5

Sallow polyphagous

73.072 | Heliothis Marbled Clover| 25 Forbs Polyphagous NA NA Pupa 14
viriplaca

73.074 | Heliothis Bordered Straw| 102 Forbs Polyphagous NA NA Immigrant | 17.5
peltigera

73.076 | Helicoverpa Scarce 49 Forbs Polyphagous NA NA Immigrant | 17.5
armigera Bordered Straw

73.082 | Cryphia algae Treelichen 28 Lichen Oligophagous | NA NA Larva 115

Beauty
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73.084 | Cryphia Marbled 8160 Lichen Oligophagous | NA NA Larva 13
domestica Beauty

73.085 | Cryphia muralis | Marbled Green| 212 Lichen Oligophagous | NA NA Larva 13

73.087 | Spodoptera Small Mottled| 216 Forbs Polyphagous NA NA Immigrant | 13.5
exigua Willow

73.091 | Elaphria Rosy Marbled | 190 Forbs Polyphayous NA NA Pupa 10.5
venustula

73.092 | Caradrina Mottled Rustic | 56458 Forbs Polyphagous NA NA Larva 14.5
morpheus

73.095 | Caradrina Pale mottled| 2147 Grasses Polyphagous NA NA Larva 13.5
(Paradrina) willow
clavipalpis

73.096 | Hoplodrina The Uncertain | 69659 Forbs Polyphagous NA NA Larva 15
alsines

73.097 | Hoplodrina The Rustic 26199 Forbs Polyphagous NA NA Larva 145
blanda

73.099 | Hoplodrina Vine's Rustic | 9479 Forbs Polyphagous NA NA Larva 14.5
ambigua

73.100 | Chilodes Silky Wainscot | 135 Other Oligophagous | NA NA Larva 14.5
maritimus

73.101 | Charanyca Treble Lines 9435 Forbs Polyphagous NA NA Larva 16
trigrammica

73.102 | Rusina Brown Rustic | 87669 Forbs Polyphagous NA NA Larva 17
ferruginea

73.103 | Athetis Marsh Moth 38 Forbs Oligophagous | NA NA Larva 12.5
(Hydrillula)
pallustris

73.105 | Dypterygia Bird's Wing 367 Forbs Oligophagous | NA NA Pupa 16

scabriuscula
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73.106 | Trachea atriplicis| Orache Moth | 106 Forbs Oligophagous | NA NA Pupa 21
73.107 | Mormo maura Old Lady 196 Highly Highly NA NA Larva 33
polyphagous| polyphagous
73.109 | Thalpophila Straw 20605 Grasses Oligophagous | NA NA Larva 18.5
matura Underwing
73.110 | Hyppa rectilinea | The Saxon 391 Broadleaf Polyphagous NA NA Larva 17.5
shrubs
73.113 | Phlogophora Angle Shades | 17262 Highly Highly NA NA Larva 23
meticulosa polyphagous| polyphagous
73.114 | Euplexia luciparg Small Angle 8769 Highly Highly NA NA Pupa 16.5
Shades polyphagous| polyphagous
73.118 | Celaena Haworth's 3541 Grasses Oligophagous | 1 8 Egg 12
haworthii Minor
73.119 | Celaena The Crescent | 4338 Herbaceous | Oligophagous |5 7.5 Egg 15.5
leucastigma polyphagous
leucostigma
73.120 | Eremobia Dusky Sallow | 3007 Grasses Oligophagous | NA NA Egg 15
ochroleuca
73.121 | Gortyna flavago | Frosted Orange 7382 Forbs Polyphagous NA NA Egg 175
73.123 | Hydraecia Rosy Rustic 89517 Forbs Polyphagous NA NA Egg 17.5
micacea
73.126 | Amphipoea Saltern Ear 3160 Grasses Oligophagous | NA NA Egg 15
fucosa fucosa
73.127 | Amphipoea Large Ear 12248 Grasses Oligophagous | 1.5 7.5 Egg 15.5
lucens
73.128 | Amphipo& Ear Moth 5962 Grasses Oligophagous | NA NA Egg 13.5
oculea
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73.129 | Amphipoea Crinan Ear 3716 Unknown Unknown NA NA Egg 14
crinanensis

73.131 | Luperina Flounced Rusti¢ 259208 | Grasses Oligophagous | NA NA Larva 16
testacea

73.134 | Rhizedra lutosa | Large Winscot | 2688 Grasses Monophagous | 6 7 Egg 19.5

73.136 | Nonagria typhae | Bulrush 301 Grasses Oligophagous | 7 8 Egg 22

Wainscot

73.137 | Arenostola Fen Wainscot | 809 Grasses Monophagous | 6 7 Egg 15
phragmitidis

73.138 | Chortodes elymi | Lyme Grass 1367 Grasses Monophagous | 6 9 Larva 16.5

73.139 | Archanara Twinspotted 137 Grasses Monophagous | 6 7 Egg 13.5
geminipuncta Wainscot

73.141 | Archanara Brownveined | 502 Grasses Monophagous | 6 7 Egg 13.5
dissoluta Wainscot

73.142 | Coenobia rufa | Small Rufous | 1601 Grasges Oligophagous | NA NA Larva 11

73.144 | Chortodes Small Wainscot| 45374 Grasses Oligophagous | NA NA Larva 12
pygmina

73.145 | Chortodes fluxa | Mere Wainscot | 3112 Grasses Monophagous | 6 7 Larva 135

73.146 | Photedes Least Minor 23 Grasses Oligophagous 2 7 Larva 8
captiuncula

73.147 | Photedes minimg Small  Dotted| 53542 Grasses Monophagous | 4 6 Larva 12.5

Buff

73.149 | Chortodes Concolorous 302 Grasses Oligophagous | NA NA Larva 12
extrema

73.151 | Archanara Webb's 172 Grasses Oligophagous | NA NA Egg 16.5
sparganii Wainscot

73.154 | Apamea remissal Dusky Brocade| 4847 Grasses Oligophagous | NA NA Larva 18
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73.155 | Apamea Clouded Brindlg 420 Grasses Oligophagous | NA NA Larva 18.5
epomidion
73.156 | Apamea crenata| Clouded 7779 Grasses Oligophagous | NA NA Larva 20
bordered
Brindle
73.157 | Apamea anceps | Large Nutmeg | 5085 Grasses Oligophagous | NA NA Larva 18.5
73.158 | Apamea sordens| Rustic 6944 Grasses Oligophagous | NA NA Larva 17.5
Shoulderknot
73.159 | Apamea Small Cloudeq 740 Grasses Oligophagous | NA NA Larva 16
unanimis Brindle
73.160 | Apamea Slender Brindle| 4866 Grasses Oligophagous | NA NA Larva 15.5
scolopacina
73.161 | Apamea oblonga] Crescent 238 Grasses Oligophagous | NA NA Larva 19.5
Striped
73.162 | Apamea Dark Arches 123561 | Grasses Oligophagous | NA NA Larva 22.5
monoglypha
73.163 | Apamea Light Arches 6070 Grasses Oligophagous | NA NA Larva 20.5
lithoxylaea
73.164 | Apamea Reddish  Ligh] 610 Grasses Oligophagous | NA NA Larva 195
sublustris Arches
73.165 | Apamea  furva The Confused | 311 Grasses Oliggphagous NA NA Larva 175
britannica
73.167 | Apamea zeta Northern 54 Grasses Oligophagous | NA NA Larva 18
Arches
73.168 | Apamea Double Lobed | 624 Grasses Oligophagous | 7.5 7 Larva 14.5
ophiogramma
73.169 | Mesapamea Common rustig 140 Grasses Oligophagous | NA NA Larva 14
secalis moth

GenitaliaCheckeq
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73.171 | Mesoligia Rosy Minor 3718 Grasses Oligophagous | NA NA Larva 115
literosa
73.172 | Mesoligia Cloaked Minor | 29158 Grasses Oligophagous | NA NA Larva 11
furuncula
73.173 | Oligia strigilis Marbled Minor | 19441 Grasss Oligophagous | NA NA Larva 12
73.174 | Oligia latruncula | Tawny Marbled 13694 Grasses Oligophagous | NA NA Larva 12.5
Minor
73.175 | Oligia versicolor | Rufous Minor | 9809 Grasses Oligophagous | NA NA Larva 115
73.176 | Oligia fasciunculg Middle-barred | 63499 Grasses Oligophagous | 4 6 Larva 11
Minor
73.178 | Leucochlaena | Beautiful 270 Grasses Oligophagous | NA NA Larva 15
oditis Gothic
73.179 | Xanthia citrago | Orange Sallow | 814 Broadleaf Oligophagous | 5.7 4.7 Egg 16
trees
73.180 | Xanthia aurago | Barred Sallow | 4206 Broadleaf Oligophagous | 5.5 4 Egg 15
trees
73.181 | Xanthia togata | Pinkbarred 19854 Highly Highly NA NA Egg 14.5
Sallow polyphagous| polyphagous
73.182 | Xanthia icteritia | The Sallow 13546 Highly Highly NA NA Egg 15.5
polyphagous| polyphagous
73.183 | Xanthia gilvago | Duskylemon 991 Broadleaf Monophagous | NA NA Egg 16.5
Sallow trees
73.184 | Xanthia ocellaris| Palelemon 49 Broadleaf Oligophagous | 6.3 6 Egg 18.5
Sallow trees
73.186 | Agrochola Beaded 86671 Highly Highly NA NA Egg 16.5
lychnidis Chestnut polyphagous| polyphagous
73.187 | Agrochola Brownspot 20326 Highly Highly NA NA Egg 15.5
(Anchoscelis) Pinion polyphagous| polyphagous

litura
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73.188 | Agrochola Flounced 3700 Broadleaf Polyphagous NA NA Egg 17
(Anchoscelis) Chestnut polyphagous
helvola

73.189 | Agrochola Redline 14720 Broadleaf Oligophagous | NA NA Egg 16.5
(Leptologia) lota | Quaker polyphagous

73.190 | Agrochola Yellowline 61938 Broadleaf Polyphagous NA NA Egg 15
(Leptologia) Quaker polyphagous
macilenta

73.192 | Agrochola The Brick 15239 Broadleaf Polyphagous NA NA Egg 16.5
(Sunira) polyphagous
circdlaris

73.193 | Omphaloscelis | Lunar 157534 | Grasses Oligophagous | NA NA Larva 155
lunosa Underwing

73.194 | Conistra vaccinii| The Chestnut | 126237 | Highly Highly NA NA Adult 14

polyphagous| polyphagous
73.195 | Conistra ligula | Dark Chestnut | 5402 Highly Highly NA NA Adult 14
polyphagous| polyphagous

73.197 | Conistra Dotted 399 Broadleaf Oligophagous | NA NA Adult 16
rubiginea Chestnut shrubs

73.200 | Lithophane Tawny Pinion | 84 Broadeaf Monophagous | 6 5 Adult 18
semibrunnea trees

73.201 | Lithophane Pale Pinion 442 Broadleaf Polyphagous NA NA Adult 18.5
hepatica polyphagous

73.202 | Lithophane Grey Shoulder| 1300 Broadleaf Oligophagous | 4.5 6.3 Adult 18
ornitopus knot trees
lactipennis
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73.206 | Lithophane Blair's 1618 Coniferous | Oligophagous | NA NA Egg 18.5
leautieri Shoulderknot
hesperica
73.207 | Lithomoia Goldenrod 438 Broadleaf Oligophagous | NA NA Egg 19.5
solidaginis Brindle shrubs
73.208 | Xylena exsoleta | Swordgrass 145 Forbs Polyphagous NA NA Adult 26.5
73.209 | Xylena vetusta | Red Sword| 1676 Highly Highly NA NA Adult 26.5
grass polyphagous| polyphagous
73.210 | Eupsilia The Satellite 15321 Broadleaf Polyphagous NA NA Adult 18.5
transversa polyphagous
73.211 | Enargia paleaceg Anglestriped 166 Broadleaf Oligophagous |5 6.5 Egg 18.5
Sallow trees
73.212 | Ipimorpha retusa| Double Kidney | 591 Broadleaf Oligophagous | NA NA Egg 14
trees
73.213 | Ipimorpha The Olive 1237 Broadleaf Oligophagous | 6.3 6 Egg 15
subtusa trees
73.214 | Cosmia diffinis | White-spotted | 162 Broadleaf Oligophagous | NA NA Egg 15
Pinion trees
73.215 | Cosmia affinis Lesserspotted | 1630 Broadleaf Oligophagous | NA NA Egg 14
Pinion trees
73.216 | Cosmia trapezing The Durbar 62076 Broadleaf Polyphagous NA NA Egg 14.5
polyphagous
73.217 | Cosmia pyralina | Lunarspotted | 3561 Broadleaf Oligophagous | NA NA Egg 14.5
Pinion polyphagous
73.219 | Atethmia Centrebarred | 6121 Broadleaf Monophagous | 6 5 Egg 16.5
centrago Sallow trees
73.220 | Brachylomia Minor 18204 Broadleaf Oligophagous | NA NA Egg 14
viminalis Shoulderknot trees
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73.221 | Parastichtis The Suspected| 416 Broadleaf Oligophagous | NA NA Egg 15
suspecta trees
73.222 | Parastichtis Dingy Shears | 699 Broadleaf Oligophagous | NA NA Egg 17
ypsillon trees
73.224 | Dichonia aprilina| Merveille  du| 2603 Broadleaf Oligophagous | 4.5 6.3 Egg 20.5
Jour trees
73.225 | Dryobotodes Brindled Green| 6940 Broadleaf Oligophagous | 4.5 6.3 Egg 16.5
eremita trees
73.228 | Antitype chi Grey Chi 1240 Highly Highly NA NA Egg 17
polyphagous| polyphagous
73.29 | Trigonophora FlameBrocade | 199 Highly Highly NA NA Larva 21.5
flammea polyphagous| polyphagous
73.230 | Aporophyla Feathered 188 Herbaceous | Polyphagous NA NA Larva 155
australis pascueg Brindle polyphagous
73.231 | Aporophyla Deepbrown 3396 Highly Highly NA NA Larva 16.5
lutulenta Dart polyphagous| polyphagous
73.232 | Aporophyla Northern Deep | 420 Highly Highly NA NA Larva 16
lueneburgensis | brown Dart polyphagous| polyphagous
73.233 | Aporophyla nigral Black Rustic 4941 Highly Highly NA NA Larva 19
polyphagous| polyphagous
73.234 | Dasypolia templi| Brindled Ochre | 2300 Forbs Oligophagous | 6 7 Adult 20.5
73.235 | Polymixis Feathered 13857 Forbs Oligophagous | NA NA Larva 16.5
lichenea Ranunculus
73.236 | Polymixis Blackbanded | 38 Forbs Oligophagous | NA NA Egg 17
xanthomista
statices
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73.237 | Polymixis Large 826 Forbs Polyphagous NA NA Egg 19.5
flavicincta Ranunculus
73.238 | Mniotype adusta| Dark Brocade | 3687 Highly Highly NA NA Larva 19.5
polyphagous| polyphagous
73.241 | Panolis flammea| Pine Beauty 2996 Coniferous | Oligophagous | NA NA Pupa 15.5
73.242 | Orthosia incerta | Clouded Drab | 33257 Broadleaf Polyphagous NA NA Pupa 18
trees
73.243 | Orthosia miniosa| Blossom 1265 Broadleaf Polyphagous 4.5 6.3 Pupa 16
Underwing polyphagous
73.244 | Orthosia cerasi | Conmon 83139 Broadleaf Polyphagous NA NA Pupa 15
Quaker trees
73.245 | Orthosia cruda | Small Quaker | 168912 | Broadleaf Polyphagous NA NA Pupa 13.5
trees
73.246 | Orthosia populetil Leadcoloured | 1336 Broadleaf Oligophagous | 6.3 6 Pupa 16
Drab trees
73.247 | Orthosia gracilis | Powdered 7231 Highly Highly NA NA Pupa 17
Quaker polyphagous| polyphagous
73.248 | Orthosia opima | Northern Drab | 75 Highly Highly NA NA Pupa 16
polyphagous| polyphagous
73.249 | Orthosiagothica | Hebrew 369468 | Highly HigHy NA NA Pupa 16
Character polyphagous| polyphagous
73.250 | Orthosia munda | Twin-spotted 14000 Broadleaf Polyphagous NA NA Pupa 18.5
Quaker polyphagous
73.252 | Tholera cespitis | Hedge Rustic | 3689 Grasses Oligophagous | NA NA Egg 17
73.253 | Tholera decimali§ Feathered 12634 Grasses Oligophagous | NA NA Egg 19
Gothic
73.254 | Cerapteryx Antler Moth 110526 | Grasses Oligophagous | NA NA Egg 14.5
graminis
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73.255 | Discestra trifolii | The Nutmeg 7156 Forbs Polyphagous NA NA Pupa 16
73.257 | Anarta myrtilli Beautiful 228 Broadleaf Oligophagous | 2 7 Larva 11
Yellow shrubs
Underwing
73.259 | Polia bombycina| Pale Shinind 375 Forbs Unknown NA NA Larva 21
Brown
73.260 | Polia trimaculosa Silvery Arches | 55 Broadleaf Polyphagous NA NA Larva 24
shrubs
73.261 | Polia nebulosa | Grey Arches 1728 Highly Highly NA NA Larva 23.5
polyphagous| polyphagous
73.263 | Lacanobia w | Light Brocade | 233 Highly Highly NA NA Pupa 19.5
latinum polyphagous| polyphagous
73.264 | Lacanobia Pale 11317 Broadleaf Polyphagous NA NA Pupa 18
thalassina shouldered polyphagous
Brocade
73.265 | Lacanobia Beautiful 226 Highly Highly NA NA Pupa 17.5
contigua Brocade polyphagous| polyphagous
73.266 | Lacanobia suasa Dog's Tooth 1449 Forbs Polyphagous NA NA Pupa 17.5
73.267 | Lacanobia Brightline 25927 Highly Highly NA NA Pupa 16.5
oleracea Browneye polyphagous| polyphagous
73.270 | Melanchra Dot Moth 5249 Highly Highly NA NA Pupa 18.5
persicariae polyphagous| polyphagous
73.271 | Melanchra pisi | Broom Moth 17078 Highly Highly NA NA Pupa 18
polyphagous| polyphagous
73.272 | Papesta biren Glaucous 1489 Highly Highly NA NA Pupa 16.5
Shears polyphagous| polyphagous
73.273 | Hada plebeja The Shears 13144 Forbs Oligophagous | NA NA Pupa 15.5
73.274 | Mamestra Cabbage Moth | 8155 Highly Highly NA NA Pupa 18
brassicae polyphagous| polyphagous
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73.275 | Sideridis White Colon 237 Forbs Polyphagous NA NA Pupa 18.5
albicolon

73.276 | Hadena rivularis | The Campion | 1629 Forbs Oligophagous | 5.666667| 6.666667| Pupa 15

73.277 | Heliophobus Bordered 141 Forbs Oligophagous | NA NA Pupa 18
reticulata Gothic

73.278 | Hadena luteagg Barrett's 100 Forbs Oligophagous | NA NA Pupa 17
barrettii Marbled

Coronet

73.279 | Hecatera Broadbarred 1575 Forbs Oligophagous | NA NA Pupa 14
bicolorata White

73.281 | Hadena bicruris | The Lychnis 2655 Forbs Oligophagous | 6.5 6 Pupa 15.5

73.282 | Hadena compta | Varied Coronet| 114 Forbs Oligophagous | NA NA Pupa 14

73.283 | Hadena confusa | Marbled 1112 Forbs Oligophagous | NA NA Pupa 15

Coronet

73.284 | Hadena White Spot 21 Forbs Monophagous | 4 8 Pupa 16
albimacula

73.286 | Hadena permxa| Tawny Shears | 1062 Forbs Oligophagous | NA NA Pupa 14
perplexa

73.286 | Hadena perplexd Pod Lover 400 Forbs Oligophagous | NA NA Pupa 14
capsophila

73.288 | Mythimna turca | Double line 5044 Grasses Oligophagous | NA NA Larva 20.5

73.289 | Mythimna Striped 4103 Grasses Oligophagous | NA NA Larva 17.5
pudorina Wainscot

73.290 | Mythimna Browrtline 10821 Grasses Oligophagous | NA NA Larva 16
conigera Brighteye

73.291 | Mythimna Common 133185 | Grasses Oligophagous | NA NA Larva 15.5
pallens Wainscot
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73.293 | Mythimna Smoky 126618 | Grasses Oligophagous | NA NA Larva 16
impura Wainscot

73.294 | Mythimna Southern 267 Grasses Oligophagous | NA NA Larva 16
straminea Wainscot

73.295 | Mythimna The Delicate 74 Grasses Oligophagous | NA NA Immigrant | 13
vitellina

73.296 | Mythimna White-speck 312 Grasses Oligophagous | NA NA Immigrant | 19.5
(Pseudaletia)
unipuncta

73.297 | Mythimna White-point 1066 Grasses Oligophagous | NA NA Larva 15.5
(Hyphilare)
albipuncta

73.298 | Mythimna The Clay 23951 Grasses Oligophagous | NA NA Larva 16.5
(Hyphilare)
ferrago

73.299 | Mythimna Shore Wainscol 356 Grasses Monophagous | 3 9 Larva 16.5
(Hyphilare)
litoralis

73.300 | Mythimna L-album 253 Grasses Monophagous | 3 9 Larva 16.5
(Hyphilare) 4| Wainscot
album

73.301 | Mythimna Shoulder 5420 Grasses Oligophagous | NA NA Larva 175
comma striped

Wainsot

73.302 | Mythimna Obscure 71 Grasses Monophagous | 6 7 Larva 16.5
obsoleta Wainscot

73.303 | Mythimna Devonshire 168 Grasses Oligophagous | NA NA Larva 155
putrescens Wainscot

73.305 | Senta flammea | Flame Wainsot | 35 Grasses Monophagous | 6 7 Pupa 16
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73.307 | Peridroma saucig Pearly 362 Forbs Polyphagous NA NA Immigrant | 21
Underwing
73.308 | Actebia praecox | Portland Moth | 133 Forbs Oligophagous | NA NA Larva 19
73.311 | Euxoa cursoria | Coast Dart 127 Forbs Oligophaous NA NA Egg 16
73.312 | Euxoa obelisci Squarespot 39 Forbs Oligophagous | NA NA Egg 16
grisea Dart
73.313 | Euxoa tritici White-line Dart | 2017 Forbs Polyphagous NA NA Egg 15
73.314 | Euxoa nigricans | Garden Dart 2627 Forbs Polyphagous NA NA Egg 16.5
73.316 | Agrotis cinerea | Light Feathered 305 Forbs Oligophagous | 2 8 Larva 15
Rustic
73.317 | Agrotis Heart & Dart 264889 | Forbs Polyphagous NA NA Larva 17
exclamationis
73.319 | Agrotis segetum | Turnip Moth 6611 Forbs Polyphagous NA NA Larva 18.5
73.320 | Agraotis clavis Heart & Club | 4213 Forbs Polyphagous NA NA Larva 16
73.322 | Agrotis vestigiali§ Archer's Dart | 1952 Forbs Oligophagous | NA NA Larva 16
73.323 | Agrotis ripae Sand Dart 1169 Forbs Polyphagous NA NA Larva 16
73.324 | Agrotis trux| Crescent Dart | 162 Forbs Oligophagous | NA NA Larva 17.5
lunigera
73.325 | Agrotis puta Shuttleshaped | 18573 Forbs Polyphagous NA NA Larva 14
Dart
73.327 | Agrotis ipsilon Dark  Sword| 1677 Forbs Polyphagous NA NA Immigrant | 20
grass
73.328 | Axylia putris The Flame 24606 Forbs Polyphagous NA NA Pupa 15
73.329 | Ochropleura Flame Shouldel 88879 Forbs Polyphagous NA NA Pupa 13.5
plecta
73.331 | Diarsia dabhlii Barred 21428 Highly Highly NA NA Larva 16.5
Chestnut polyphagous| polyphagous
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73.332 | Diarsia brunnea | Purple Clg 46020 Highly Highly NA NA Larva 18
polyphagous| polyphagous
73.333 | Diarsia mendica | Ingrailed Clay | 126481 | Highly Highly NA NA Larva 15
polyphagous| polyphagous
73.334 | Diarsia rubi Small Square| 235916 | Forbs Polyphagous NA NA Larva 14
spot
73.336 | Ceastis Red Chestnut | 31970 Highly Highly NA NA Pupa 16.5
rubricosa polyphagous| polyphagous
73.337 | Cerastis White-marked | 277 Unknown Unknown NA NA Pupa 15
leucographa
73.338 | Lycophotia True  Lover's 72920 Broadleaf Oligophagous | 1.7 7.4 Larva 135
porphyrea Knot shrubs
73.339 | Rhyacia simulang Dotted Rustic | 181 Unknown Unknown NA NA Larva 19
73.341 | Standfussiana | Northern Rustic| 64 Forbs Oligophagous | NA NA Larva 19
lucernea
73.342 | Noctua pronuba | Large  Yellow 120111 | Herbaceous | Polyphagous NA NA Larva 23.5
Underwing polyphagous
73.343 | Noctua fimbriata | Broad 1350 Highly Highly NA NA Larva 23.5
bordered polyphagous| polyphagous
Yellow
Underwing
73.344 | Noctua orbona | Lunar  Yellow 76 Herbaceous | Polyphagous NA NA Larva 18.5
Underwing polyphagous
73.345 | Noctua comes | Lesser Yellov 24178 Highly Highly NA NA Larva 18.5
Underwing polyphagous| polyphagous
73.346 | Noctua interjecta) Least Yellow| 583 Highly Highly NA NA Larva 15.5
caliginosa Underwing polyphagous| polyphagous

150



73.348 | Noctua janthe Lesser Brad | 32754 Highly Highly NA NA Larva 18
bordered polyphagous| polyphagous
Yellow
Underwing
73.349 | Spaelotis ravida | Stout Dart 153 Forbs Oligophagous | NA NA Egg 20
73.350 | Eurois occulta | Great Brocade | 309 Highly Highly NA NA Larva 25.5
polyphagous| polyphagous
73.351 | Graphiphora Double Dart 6604 Highly Highly NA NA Larva 19.5
augur polyphagous| polyphagous
73.352 | Anaplectoides Green Arches | 5495 Highly Highly NA NA Larva 22.5
prasina polyphagous| polyphagous
73.353 | Xestia baja Dotted Clay 35268 Highly Highly NA NA Larva 19
polyphagous| polyphagous
73.354 | Xestia Squarespotted | 352 Forbs Oligophagous | NA NA Larva 18.5
rhomboidea Clay
73.355 | Xestia castanea | Neglected or] 1035 Broadleaf Oligophagous | 1.7 7.4 Larva 17
Grey Rustic shrubs
73.356 | Xestia agthina | Heath Rustic | 2696 Broadleaf Oligophagous | 2 7 Larva 15
shrubs
73.357 | Xestia Squarespot 201216 | Herbaceous | Polyphagous NA NA Larva 15.5
xanthographa Rustic polyphagous
73.358 | Xestia Sixstriped 31392 Forbs Polyphagous NA NA Lava 16
sexstrigata Rustic
73.359 | Xestia enigrum | Setaceous 141853 | Forbs Polyphagous NA NA Larva 16.5
Hebrew
Character
73.360 | Xestia Triplespotted | 6288 Highly Highly NA NA Larva 18
ditrapezium Clay polyphagous| polyphagous
73.361 | Xestia Double Square| 34532 Highly Highly NA NA Larva 18
triangulum spot polyphagous| polyphagous
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73.363 | Xestia  alpicolg Northern Dart | 21 Broadleaf Oligophagous | NA NA Larva 16
alpina shrubs
73.364 | Coenophila Rosy Marsh 1099 Broadleaf Oligophagous | NA NA Larva 19.5
subrosea Moth shrubs
73.365 | Eugnorisma Autumnal 8124 Highly Highly NA NA Larva 15.5
glareosa Rustic polyphagous| polyphagous
73.366 | Eugnorisma Plain Clay 1610 Forbs Polyphagous NA NA Larva 18
depuncta
73.367 | Protolampra Cousin German 359 Broadleaf Oligophagas NA NA Larva 155
sobrina shrubs
73.368 | Naenia typica TheGothic 1761 Highly Highly NA NA Larva 19.5
polyphagous| polyphagous
74.002 | Meganola albula| Kent Black 888 Broadleaf Oligophagous | NA NA Larva 10.5
Arches shrubs
74.003 | Nola cucullatella| Shortcloaked | 13275 Broadleaf Oligophagous | NA NA Larva 9
Moth shrubs
74.004 | Nola confusalis | Least Black 10132 Broadleaf Polyphagous NA NA Pupa 10
Arches polyphagous
74.007 | Bena bicolorana | Scarce  Silven 149 Broadleaf Oligophagous | NA NA Larva 21
lines trees
74.008 | P=udoips Green Silver | 1437 Broadleaf Polyphagous NA NA Pupa 17.5
prasinana lines polyphagous
britannica
74.009 | Nycteola Oak Nycteoline| 835 Broadleaf Oligophagous | 4.5 6.3 Adult 12
revayana trees
74.011 | Earias clorana | Cream 207 Broadkaf Oligophagous | NA NA Pupa 11
bordered trees
Green Pea
NA Eupithecia Pug moths 101689 | NA NA NA NA NA NA
species
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NA Unidentifiable Unidentifiable | 56727 NA NA NA NA NA NA
macro spp macros

NA Amphipoea Ear moths 8639 NA NA NA NA NA NA
species

NA Epirrita species | November 69650 Broadleaf Polyphagous NA NA Egg NA

moths polyphagous

NA Hoplodrina Rustic moths | 5031 Forbs Polyphagous NA NA Larva 14.5
species

NA Oligia species Minor moths 12259 Grasses Oligophagous | NA NA Larva 12

NA Idaea species Wave moths 1048 NA NA NA NA NA NA

NA Chloroclysta Carpet moths | 690 NA NA NA NA NA NA
species

NA Acronicta speciey Dagger moths | 486 NA NA NA NA NA NA

NA Amphipyra Copper 54 Broadleaf Polyphagous NA NA Egg 23.5
species Underwing polyphagous

moths

NA Mesapamea Common Rusti¢ 142011 | Grasses Oligophagous | NA NA Larva 13.5
didyma secalis | agg

NA Geometridae Geometrid sp | 40 NA NA NA NA NA NA
species

NA Noctuidae Noctuid sp 32 NA NA NA NA NA NA
species

NA Sterrhinae Sterrhinae sp | 38 NA NA NA NA NA NA
species
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2.7.1 Species richness and diversity

2.7.1.1 Overall changes in species richness and diversity

Table SZ. Model output: overall non-linear changes in species richness and diversity 16@816.
Model coefficients for three GAMMSs that mo@elspecies richness/diversity as a function of year and
site-year completeness.

Response Parametric Estimate Std. t-value  p-value
coefficients Error

Species richness Intercept 181.5036 2.5938 69.9752 < 0.0001
Smooth terms edf Ref.df Fvalue p-value
Year 5.544 5.8198 4.2039  0.0003
Siteyear 2.0318 2.5757 224.2836 < 0.0001

completeness
Site random effect 330.6955 348 245786 < 0.0001
Yar random effect 33.5351 47 4.3761 < 0.0001
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Response Parametric Estimate Std. t-value  p-value
coefficients Error

Diversity(effective Parametric Estimate Std. t-value  p-value

common species) coefficients Error
Intercept 52.9054 0.9956 53.1402 < 0.0001
Smooth terms edf Ref.df Fvalue p-value
Year 3.3339 34776 3.8715 0.0062
Siteyear 1.2367 1.4341 153.1123 < 0.0001
completeness
Site random effect 326.4555 348 22.4755 <0.0001
Year random effeci 38.3938 47 10.4976 < 0.0001

2.7.1.2 Effect of habitat

Table S21. Model output: overallnon-linear changes in species richness and diversity 18&016,

split by habitat. Model summaries from three GAMM#$at modeled annual moth species
richness/diversity as function of year interacting with habitat (smooth terms) plus a parametric habitat
effect.

Respons
e
variable
Species | Parametric coefficients Edimate | Std. t-value | p-value
richness Error
Intercept (Arable) 185.887 | 5.354 |34.7191 | <
7 0.0001
Conifer_plantation 10.8141 | 13.681 | 0.7904 | 0.4293
2
Broadleaf_woodland 21.7205 | 8.2212 | 2.642 0.0083
Improved_grassland -3.0098 | 6.7086 | -0.4487 | 0.6537
Othersemkinatural -8.2121 |12.212 | -0.6724 | 0.5013
5
Upland -42.2195| 12.548 | -3.3646 | 0.0008
2
Urban -22.4352| 7.4557 | -3.0091 | 0.0026
Smooth terms edf Ref.df | Fvalue | p-value
Year:Arable 2.1929 | 2.716/ | 2.3209 |0.0721
Year:Conifer_plantation 1.0001 |1.0002 | 0.7159 |0.3975
Year:Broadleaf_woodland 1.9751 | 2.4426 | 9.7465 |<
0.0001
Year:Improved_grassland 2.5089 |3.0726 | 2.2795 | 0.0748
Year:Otherseminatural 7.06 8.1117 | 1.9707 | 0.0519
Year:Upland 1.0001 |1.0001 |1.2174 |0.2699
Year:Urban 3.1727 |3.9352 | 1.6092 |0.1819
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Site'Year completeness 2.0173 | 2.5569 |210.212 | <
2 0.0001
Site random effect 323.207 | 342 22.4261 | <
3 0.0001
Year random effect 38.3697 | 47 7.237 <
0.0001
Diversity | Parametric coefficients Estimate | Std. t-value | p-value
(effective Error
common | Intercept (Arable) 47.5747 | 1.9075 | 24.9409 | <
species) 0.0001
Conifer_plantation 15.837 |4.8061 | 3.2951 | 0.001
Broadleaf_woodland 17.2541 | 2.889 |5.9723 |<
0.0001
Improved_grassland 6.1432 | 2.3646 | 2.598 0.0094
Other_seminatural -1.7537 | 4.2886 | -0.4089 | 0.6826
Upland -9.544 | 4.4376 | -2.1507 | 0.0316
Urban 45561 |2.6318 | 1.7312 | 0.0835
Smooth terms edf Ref.df | Fvalue | p-value
Year:Arable 1.6742 | 2.053 | 7.3987 | 0.0006
Year:Conifer_plantation 1.0001 |1.0001 |2.4923 |0.1145
Year:Broadleaf_woodland 1.6254 |1.993 |3.4662 |0.0293
Year:Improved_grassland 2.41 2975 |3.12 0.0253
Year:Otherseminatural 1.8833 |[2.3539 | 1.9208 |0.1328
Year:Upland 5.093 6.1695 | 1.1683 | 0.2723
Year:Urban 1 1.0001 | 9.2247 | 0.0024
Site'Yearcompkteness 1.412 1.718 |126.228 | <
8 0.0001
Site random effect 317.016 | 342 18.6615 | <
0.0001
Year random effect 40.3737 | 47 13.8262 | <
0.0001
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2.7.1.3 Effect of region

Nonlinear trends

Table S&. Model output: overall nonlinear changes in species richness and diversity 16@816,
split by habitat and region. Coefficients of nine separate GAMMs testing the effect of region
(north/south) on the change in species richness/diversity over time.

Response Habitat Parametric Estimate Std. t-value  p-value
coefficents Error
Species Allsites Intercept (North) 158.93  4.5432 34.9823 < 0.0001
richness South 31.72 5.2913 5.9943 < 0.0001
Smooth terms Edf Ref.df Fvalue p-value
Year:North 1 1 4.2556  0.0392
Year:South 1.05 1.0796 7.7723 0.0064
Siteyear 2.02 2.5584 221.7917 < 0.0001
completeness
Site random 329.57 347 21.192 < 0.0001
effect
Year random 41.04 47 23.0844 < 0.0001
effect
Broadleaf Parametric Estimate Std. t-value  p-value
woodland coefficients Error
Intercept (North) 179.87 7.9611 22.5932 < 0.0001
South 61.30 10.5821 5.7932 < 0.0001
Smooth terms Edf Ref.df Fvalue p-value
Year:North 5.75 6.7514 3.6177 0.0009
Year:South 3.68 4.3921 7.2594 < 0.0001
Siteyear 3.71 4.6007 19.7024 <0.0001
completeness
Site random 43.57 46 22.8206 < 0.0001
effect
Year random 17.98 47 0.7406  0.0008
effect
Improved Parametric Estimate Std. t-value  p-value
grassland coefficients Error
Intercept (North) 162.57 6.4326 25.2726 < 0.0001
South 30.39 7.8303 3.8812 0.0001
Smooth terms Edf Ref.df Fvalue p-value
Year:North 2.12 2.5911 5.9209 0.0012
Year:South 4.36 5.1442 5.8777 <0.0001
Siteyear 2.18 2.7478 86.3168 < 0.0001
completeness
Site random 103.38 113 10.695 < 0.0001
effect
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Response Habitat Parametric Estimate Std. t-value  p-value
coefficents Error
Year randm 2040 47 0.9333 0.001
effect
Diversity All sites  Parametric Estimate Std. t-value  p-value
(effective coefficients Error
common Intercept (North) 48.23 1.58 30.59 < 0.0001
species) South 6.92 1.77 3.91 0.0001
Smooth terms Edf Ref.df Fvalue p-value
Year:North 15 15 4.93 < 0.0001
Year:South 2.00 2.08 2.98 0.0515
Siteyear 1.67 2.09 106.4 < 0.0001
completeness
Siterandom 321.%7 347 20.83 < 0.0001
effect
Year random 41.62 47 14.27 < 0.0001
effect
Broadleaf Parametric Estimate Std. t-value  p-value
woodland coeficients Error
Intercept (North) 55.54 3.23 17.19 < 0.0001
South 18.68 4.29 4.35 < 0.0001
Smooth terms Edf Ref.df Fvalue p-value
Year:North 1.77 2.14 0.78 0.5077
Year:South 8.77 8.9 4.8 < 0.0001
Siteyear 1 1 33.43 < 0.0001
completeness
Site random 4290 46 20.41 < 0.0001
effect
Year random 19.12 47 0.78 0.0012
effect
Improved Parametric Estimate Std. t-value  p-value
grassland coefficients Error
Intercept (North) 47.79 2.52 18.97 < 0.0001
Souh 8.50 3.00 2.83 0.0047
Smooth terms Edf Ref.df Fvalue p-value
Year:North 7.60 8.3 2.13 0.0406
Year:South 2.244 2.49 1.78 0.1742
Siteyear 7.93 8.68 8.86 < 0.0001
completeness
Site random 100.99 113 10.5% < 0.0001
effect
Year random 32.79 a7 3.% < 0.0001

effect
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Fig. S2. Nonlinear trends ofspecies richnes4968 ¢ 2016, split by habitat and regionModel

predictions from three GAMMSs that modelled annual species richness as a function of the interaction
between year and region. In (a) and (b), all sites virgkeided, in (¢) and (d) only broadleaf woodland

sites were included and (d) and (e) only improved grassland sites. Solid black line and grey ribbon show
model predicted means and 95% Cls. Grey lippsesent the rawdata. Red line shows global
geometricmean average. Note the legcale on theaxis. Asterisks denote the significance of the fixed
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Fig. S23. Nontlinear trends of diversity 1968 2016, splitby habitat and region Model predictions

from three GAMMs that modelled annual species diversity (effective common species) as a function of

the interaction between year and region. In (a) and (i) sites were included, in (c) and (d) only

broadleaf wodlland sites were included and (d) and (e) only improved grassland sites. Solid black line

and grey ribbon show model predicted means and 95% Cls. Grey lines represent the raw data. Red line
shows glbal geometric mean average. Note the dsgple on the 3axis. Asterisks denote the
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2.7.2 Total abundance

2.7.2.1 Effect of habitat

Table S&. Model output: nonlinear trends oftotal abundance 196&, 2016, split by habitatModel
summary from a GAMM modelling annual moth abundance as a function of year interacting with
habitat (smooth terms) plus a parametric habitat. Model asssim@&egative binomial error structure.
Estimates e on the predictor (log) scale. Edf = estimated degrees of freedom, Ref.df = reference

degrees of freedom.

Parametric coefficients

Intercept (Arable)
Conifer_plantation
Broadleaf woodland
Improved_grassland
Other_seminatural
Upland

Urban

Smooth terms
Year:Arable
Year:Conifer_plantation
Year:Broadleaf_woodland
Year:Improved_grassland
Year:Otherseminatural
Year:Upland

Year:Urban

Site random effect

Year random effect

Estimate Std.

7.7812
0.4024
0.2859
-0.0811
0.3414
-0.1168
-0.76/6
Edf
1.0093
1.0104
3.2641
1.0022
2.9953
2.7802
4.7573
329.726
44.8583

Error
0.082
0.204
0.1225
0.0996
0.1816
0.1867
0.1105
Ref.df
1.0176
1.0203
4.1039
1.004
3.7758
3.4609
5.845
342

47

t-value

94.83%9
1.9725
2.3345
-0.8143
1.8802
-0.6256
-6.9479
Fvalue
3.5032
6.1975
52.8515
16.8707
21.4623
27.7024
50.8169
18572.17
2388.05

p-value

< 0.0001
0.0485
0.0196
0.4154
0.0601
0.5316
< 0.0001
p-value
0.0631
0.0134
< 0.0001
< 0.0001
0.0003
< 0.0001
< 0.0001
< 0.0001
< 0.0001
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2.7.2.2 Effect of latitude

Table SZ. Model output: nonlinear trends of total abundance 1968 2016, split by habitat and
region.Model summaries from three GAMMs modelling annual moth abundance as a function of year
interacting with region (smooth terms) plus a parametric region effect. Separate models were run for
(1) all sites, (2) broadleaf woodland sites only and (3) improwestsiznd sites only. Models assume a
negative binomial error structure. Estimates are onphedictor (log) scale. Edf = estimated degrees

of freedom, Ref.df = reference degrees of freedom.

Habitat

All sites Parametric Estimate Std.Error T-value P-value
coefficients
Intercept (north) 7.6373  0.0755 101.1081 < 0.0001
South 0.0369 0.0861 0.4281 0.6685
Smooth terms Edf Ref.df Fvalue P-value
Year:north 1.0379 1.056 8.4939  0.0038
Year:south 2.3084  2.8552 38.1025 < 0.0001
Site randoneffect 337.2809 347 23817.35 < 0.0001
Year random 44.7239 47 2397.096 < 0.0001
effect

Broadleaf | Parametric Estimate Std. Error T-value  P-value

woodland | coefficients
Intercept (north) 7.9689  0.17 46.8632 < 0.0001
South 0.1354  0.2247 0.6026  0.5468
Smooth terms Edf Ref.df Fvalue P-value
Year:north 45616 5.6501 41.9395 < 0.0001
Year:south 1.0083 1.0113 45.4054 < 0.0001
Site random effect 45.4564 46 8232.781 < 0.0001
Year random 39.9362 47 496.3262 < 0.0001
effect

Improved | Parametric Estimate Std. Error T-value  P-value

grassland | coefficients
Intercept (north)  7.6167  0.1011 75.326 < 0.0001
South 0.1361 0.1194 1.1399 0.2543
Smooth terms Edf Ref.df Fvalue P-value
Year:north 1.0074 1.0111 2.7957 0.0963
Year:south 4.4636 5.342 48.5042 < 0.0001
Site random effect 106.188 113 3261.432 < 0.0001
Year random 39.5483 47 459.8611 < Q0001
effect
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2.7.3 Speciespecific trends and habitat

Arable 1 ":" 276
Conifer plantation o 149
Broadleaf woodland | - , 345
Improved grassland o 341
Other semi-natural | e 169
i Sample_size

Upland | o 25000

E 115 50000

: 75000

. 100000

Urban ; - 263 125000

Iog(trenfj +100)

Fig. S2. Mean speciesspecific abundance trends 198016, split by habitatEstimated marginal
mean abundance trends 95% CIs) of moths across seven habitat typesrédponse variable is the
percentage change in abundance for each species, log(x ra@8)ormed. Figures on the right show

the number of species modelled in each habitat. Dashed line shows zeroBhemgoints represent

the trend for each speciesjtivthe size of the point representing the sample size. The black points and
whiskers are the estiated marginal mean trends with 95% confidence intervals
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Table S&B. Post hoc analysis aheanspeciesspecific abundance trerglbetween habitatsPosthoc
pair-wise contrasts of estimated marginal mean trends between habitat tyfedimates are the
differences between the estimated marginal medasalues are corrected for multiple comparisons
with the Tukey method. Significaobntrasts (p < 0.05) are highlighted bold.Analysis was done in
the emmeans package in R.

Contrast Estimate | Std. | df t-ratio | p-value
Error
Arable- Conifer_plantation 0.648 0.128 | 78980.3| 5.044 | <0.0001
Arable- Broadleaf woodland | 0.758 0.100 | 81071.1| 7571 | <0.0001
Arable- Improved_grassland | 0.624 0.100 | 79220.5| 6.227 | <0.0001
Arable- Other_seminatural 0.941 0.124 | 75057.3 | 7.606 | <0.0001

Arable- Upland 0.191 0.144 | 73033.1| 1.322 | 0.842
Arable- Urban 0.940 0.108 | 74600.6 | 8.734 | <0.0001
Conifer_planation -10.110 0.123 | 83121.9|0.893 | 0.974
Broadleaf woodland

Conifer_plantation -1 -0.024 0.124 | 81368.7| -0.195 | 1.000
Improved_grassland

Conifer_plantation -10.293 0.142 | 76072.8| 2.061 | 0.376
Other_semkinatural

Conifer_plantation Upland -0.457 0.157 | 73592.9| -2.915 | 0.055
Conifer_plantationt Urban 0.292 0.131 | 77255.2| 2.238 | 0.275
Broadleaf woodland -1-0.134 0.093 | 83217.5|-1.448 | 0.776
Improved_grassland

Broadleaf_woodland -10.183 0.119 | 77642.8| 1.535 |0.724

Other_seminatural
Broadleaf_woodland Upland | -0.567 0.140 | 75278.3 | -4.061 | 0.001
Broadleaf_woodland Urban 0.182 0.103 | 78174.1| 1.776 | 0.565
Improved_grassland -10.318 0.120 | 76856.5| 2.652 | 0.111
Other_semtinatural
Improved_grassland Upland | -0.433 0.140 | 74444.3| -3.093 | 0.033

Improved_grassland Urban 0.316 0.103 | 76377.6 | 3.080 | 0.034

Other_semtnatural - Upland -0.751 0.156 | 71561.3 | -4.798 | <0.0001
Other_semkinatural- Urban -0.001 0.126 | 73291.2| -0.010 | 1.000

Upland- Urban 0.749 0.146 | 71709.8 | 5.128 | <0.0001
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2.7.3.1 Feeding guild

Table S@. Post hoc analysis of mean speciggecific abundance trends between moth feeding
guile. Post hocpair-wise contrasts of estimated marginal mean trends between feeding guild.
Estimates are the differences between the estimated marginansid>-values are corrected for
multiple comparisons with the Tukey method. Significant contrasts (p < 0.05) are highiigbtdd.
Analysis was done in the emmeans package in R.

Contrast Estimate | SE Df t.ratio | p.value
Coniferous Broadleaf 1.216 0.478 | 383 2.546 |0.248
polyphagous

Coniferous Forbs 1.217 0.461 | 383 2.642 |0.202
Coniferous Grasses 1.107 0.493 | 383 2.244 |0.428
Coniferous 1.375 0.482 | 383 2.853 |0.123
Highly_polyphagous

Coniferous Lichen -0.801 | 0.576 | 383 -1.390 | 0.930
Coniferous 0.636 0.640 | 383 0.994 | 0.993
Heraceous_polyphagous

Coniferous- 1.597 0.476 | 383 3.356 | 0.029

Broadleaf shrubs
Coniferous Broadleaf trees | 1.089 0.478 | 383 2.276 | 0.407

Coniferous Woody 0.412 0.711 | 383 0.580 | 1.000
polyphagous

Broadleafpolyphagous Forbs | 0.002 0.229 | 383 0.007 | 1.000
Broadleafpolyphagous -0.109 |0.289 | 383 -0.377 | 1.000
Grasses

Broadleafpolyphagous 0.159 0.269 | 383 0.592 | 1.000
Highly polyphagous

Broadleafpolyphagous -2.016 |0.415 |383 -4.863 | < 0.0001
Lichen

Broadleafpolyphagous -0.580 |0.499 |383 -1.162 | 0.977
Hemaceous_polyphagous

Broadleafpolyphagous 0.381 0.258 | 383 1.479 | 0.900
Broadleaf shrubs

Broadleafpolyphagous -0.127 | 0.262 | 383 -0.483 | 1.000
Broadleaf trees

Broadleafpolyphagous -0.804 |0.588 | 383 -1.367 | 0.936
Woodypolyphagous

Forbs- Grasses -0.111 | 0.260 | 383 -0.426 | 1.000
Forbs- Highly _polyphagous | 0.157 0.238 | 383 0.662 | 1.000
Forbs- Lichen -2.018 |[0.395 |383 -5.107 | <0.0001
Forbs- -0.582 [0.483 | 383 -1.204 | 0.971

Herbaceous_polyphagous
Forbs- Broadleaf shrubs 0.380 0.225 | 383 1.685 | 0.804
Forbs- Broadleaf trees -0.128 | 0.230 | 383 -0.557 | 1.000
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Contrast Estimate | SE Df t.ratio | p.value
Forbs- Woodypolyphagous | -0.805 |0.574 | 383 -1.403 | 0.926
Grasses Highly polyphagous| 0.268 0.296 | 383 0.906 | 0.996
Grasses Lichen -1.907 |0.433 | 383 -4.409 | 0.0005
Grasses -0.471 | 0.514 | 383 -0.917 | 0.996
Herba®ous_polyphagous

Grasses Broadleaf_shrubs | 0.490 0.286 | 383 1.715 |0.787
Grasses Broadleaf trees -0.018 | 0.290 |383 -0.062 | 1.000
Grasses Woodypolyphagous| -0.695 | 0.601 | 383 -1.157 | 0.978
Highly polyphagousLichen |-2.175 | 0.420 | 383 -5.185 | < 0.0001
Highly polyphagous -0.739 | 0.503 | 383 -1.469 | 0.904
Herbaceous_polyphagous

Highly polyphagous 0.222 0.266 | 383 0.837 | 0.998
Broadleaf shrubs

Highly polyphagous -0.286 | 0.270 | 383 -1.058 | 0.988
Broadleaf trees

Highly polyphagousWoody |-0.963 | 0.591 | 383 -1.628 | 0.834
polyphagous

Lichen- 1.436 0.594 | 383 2.417 |0.319
Herbaceous_polyphagous

Lichen- Broadleaf shrubs 2.398 0.413 | 383 5.809 | <0.0001
Lichen- Broadleaf trees 1.889 0.416 | 383 4.546 | 0.0003
Lichen- Woodypolyphagous | 1.213 0.670 | 383 1.809 |0.729
Herbaceous_polyphagous | 0.962 0.498 | 383 1.932 | 0.647
Broadleaf shrubs

Herbaceous_polyphagous | 0.453 0.500 | 383 0.907 | 0.996
Broadleaf trees

Herbaceous_polyphagous |-0.223 |0.726 | 383 -0.308 | 1.000
Woodypolyphagous

Broadleaf _shrubs -0.508 |0.260 | 383 -1.958 | 0.629
Broadleaf trees

Broadleaf shrubsWoody -1.185 | 0.586 | 383 -2.021 | 0.585
polyphagous

Broadleaf trees Woody -0.677 | 0.588 |383 -1.150 | 0.979
polyphagous
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Table S210. Post hoc analysigesting whether mean speciespecific abundancetrends differ

between habitat types within feeding guild€?osthoc tests produced using the joint_tests() function

in the emmeans package. The tests deteanirhether the response variable (moth abundance trend)

diffeNB 0SG¢6SSy KIFIoAGrGa 6A0GKAY SI OkvaldeSISsRthanD.053dzA f R ¢
shown in boldAnalysis was done in the emmeans package in R.

Feeding guild df-1 df-2 Fratio p-value
Conifers 6 50778.9 0.652 0.688779
Broadleaf shrubs 6 65624.35 3.667 0.001211
Broadleaf trees 6 58088.45 2.735 0.011726
Broadleaf 6 66837.1 2.97 0.006702
polyphagous

Forbs 6 76439.09 7.813 < 0.0001
Grasses 6 80717.11 5.938 <0.0001
Highly polyphagous 6 70400.41 2.852 0.008876
Lichen 6 50383.53 5.152 < 00001
Herbaceous 6 82850.48 1.805 0.093788
polyphagous

Woody plants 6 84364.19 1.574 0.150161

Table S2L1. Post hoc analysis to test whidmabitats differedfrom each other in terms of species
specific abundance trendsvithin each feeding guild Posthoc pairwise contrasts of estimated
marginal mean abundance trends between habitat types within feeding guilds. Estimates are the
differences between the estimated marginal meansaRies are corrected for multiple comparisons
with the Tukey method. Significant contrasts (p < 0.05) are highlighted inAmdtisis was done in

the emmeans package in R.

Feeding Contrast Estimae | Std. df t-ratio | p-value
guild Error
Conifers Arable- -0.433 [ 0.721 |62925.5 | -0.600 | 0.997
Conifer_plantation
Arable- 0.087 0.692 | 60565.1 | 0.126 | 1.000
Broadleaf woodland
Arable- 0.479 0.671 |54743.1 | 0.714 | 0.992

Improved_grassland
Arable- Other_semi | -0.275 | 0.897 | 65251.0 |-0.306 | 1.000

natural
Arable- Upland -1.068 | 0.934 |56038.3 |-1.143 | 0.915
Arable- Urban 0.116 0.711 |50778.9 | 0.164 | 1.000

Conifer_plantation | 0.520 0.660 |79539.3 | 0.788 | 0.986
Broadleaf_woodland
Conifer_plantation | 0.911 0.661 | 712254 |1.378 |0.814
Improved_grassland
Conifer_plantation | 0.158 0.880 | 76262.5 | 0.180 | 1.000
Other_seminatural
Conifer_plantation | -0.636 | 0.918 |63933.4 |-0.692 | 0.993
Upland
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Feeding Contrast Estimae | Std. df t-ratio | p-value
guild Error
Conifer_plantation | 0.549 0.720 | 63556.5 | 0.763 | 0.988
Urban
Broadleaf_woodland| 0.392 0.616 |69212.9 | 0.636 | 0.996
- Improved_ grasslanc
Broadleaf_woodland| -0.362 0.857 | 76549.0 | -0.422 | 1.000
- Other_seminatural
Broadleaf woodland| -1.155 0.897 |63683.4 | -1.289 | 0.857
- Upland
Broadleaf_woodland| 0.029 0.690 |61317.4 | 0.043 | 1.000
- Urban
Improved_grassland | -0.753 0.858 |71614.6 | -0.878 | 0.976
Other_seminatural
Improved_grasslane | -1.547 0.897 |60098.5 | -1.724 | 0.600
Upland
Improved_grasslane | -0.362 0.668 | 55664.0 | -0.542 | 0.998
Urban
Other_seminatural- | -0.794 1.029 |62686.7 |-0.772 | 0.988
Upland
Other_seminatural- | 0.391 0.894 |66302.9 | 0.438 | 0.999
Urban
Upland- Urban 1.185 0.931 |56833.5 |1.272 | 0.865
Broadleaf | Arable- 0.159 0.389 | 74695.9 | 0.409 |1.000
shrubs Conifer_plantation
Arable- 0.434 0.275 |71482.2 | 1.575 | 0.698
Broadleaf woodland
Arable- 0.394 0.276 | 70974.7 | 1.426 |0.788
Improved_grassland
Arable- Other_ semt | 0.019 0.374 | 71896.8 | 0.051 | 1.000
natural
Arable- Upland 0.368 0.432 | 71706.8 | 0.851 | 0.979
Arable- Urban 1.276 0.299 |65624.4 | 4.266 | 0.0004
Conifer_plantation | 0.275 0.374 | 78621.2 | 0.736 | 0.990
Broadleaf_woodland
Conifer_plantation | 0.235 0.376 | 777944 | 0.625 | 0.996
Improved_grassland
Conifer_plantation | -0.140 0.443 | 74214.9 | -0.315 | 1.000
Other_seminatural
Conifer_plantation | 0.209 0.484 | 75234.6 | 0.431 | 1.000
Upland
Conifer_plantation | 1.117 0.395 |72926.1 | 2.830 | 0.070
Urban
Broadleaf _woodland| -0.040 0.253 | 75087.1 | -0.159 | 1.000
- Improved_grasslan(
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Feeding Contrast Estimae | Std. df t-ratio | p-value
guild Error
Broadleaf _woodland| -0.415 0.360 |74684.2 | -1.153 | 0.912
- Other_seminatural
Broadleaf_woodland| -0.066 0.417 |74344.4 | -0.158 | 1.000
- Upland
Broadleaf_woodland| 0.842 0.282 |69313.1 | 2.987 | 0.045
- Urban
Improved_grassland| -0.374 0.363 | 74522.6 | -1.032 | 0.947
Other_seminatural
Improved_grassland | -0.026 0.417 | 74453.5 | -0.062 | 1.000
Upland
Improved_grassland| 0.883 0.283 |68735.5 | 3.114 | 0.030
- Urban
Other_seminatural- | 0.349 0.482 | 72492.2 | 0.723 | 0.991
Upland
Other_seminatural - | 1.257 0.379 | 70255.0 | 3.317 |0.016
Urban
Upland- Urban 0.908 0.438 | 70157.6 | 2.073 | 0.369
Broadleaf | Arable- 0.985 0.367 |69007.1 | 2.688 |0.101
trees Conifer_plantation
Arable- 0.930 0.296 |67769.9 | 3.146 |0.028
Broadleaf woodland
Arable- 0.886 0.306 |63820.7 | 2.893 | 0.059
Improved_gassland
Arable- Other_semt | 0.760 0.435 |64820.4 | 1.748 | 0.583
natural
Arable- Upland -0.195 | 0.517 |58088.4 |-0.377 | 1.000
Arable- Urban 0.793 0.342 |60938.5 | 2.315 |0.236
Conifer_plantation | -0.056 |0.334 | 78315.0 |-0.166 | 1.000
Broadleaf woodland
Conifer_plantation | -0.099 0.343 | 73473.8 | -0.288 | 1.000
Improved_grassland
Conifer_plantation | -0.225 0.454 | 67911.1 | -0.496 | 0.999
Other_semkinatural
Conifer_plantation | -1.180 0.529 |60508.3 | -2.231 | 0.278
Upland
Conifer_plantéion - | -0.192 0.377 |67987.9 | -0.510 | 0.999
Urban
Broadleaf_woodland| -0.043 0.255 |71426.1 | -0.170 | 1.000
- Improved_grasslanc
Broadleaf_woodland| -0.169 0.410 |68648.3 |-0.414 | 1.000
- Other_seminatural
Broadleaf _woodland| -1.125 0.495 |59740.0 | -2.271 | 0.258
- Upland
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Feeding Contrast Estimae | Std. df t-ratio | p-value
guild Error
Broadleaf _woodland| -0.137 0.309 |66249.2 | -0.444 | 0.999
- Urban
Improved_grassland| -0.126 0.416 |66678.5 |-0.303 | 1.000
Other_seminatural
Improved_grassland| -1.081 | 0.501 |58632.3 |-2.160 | 0.318
Upland
Improved_grassland| -0.094 | 0.318 |6257%.6 |-0.294 | 1.000
Urban
Other_seminatural- | -0.955 0.577 |58349.3 | -1.656 | 0.646
Upland
Other_seminatural- | 0.033 0.442 |63609.7 | 0.074 | 1.000
Urban
Upland- Urban 0.988 0.523 |57485.8 | 1.888 | 0.488
Broadleaf | Arable- 0.303 0.329 | 771255 | 0.921 | 0.969
polyphagous Conifer_plantation
Arable- 0.580 0.251 | 84993.3 | 2.307 | 0.240
Broadleaf_woodland
Arable- 0.279 0.258 | 78408.0 | 1.081 | 0.934
Improved_grassland
Arable- Other_semi | -0.219 | 0.368 | 71243.0 | -0.594 | 0.997
natural
Arable- Upland 0.408 0.376 |66837.1 | 1.085 |0.933
Arable- Urban 0.949 0.275 | 74590.4 | 3.454 |0.010
Conifer_plantation | 0.277 0.313 | 84109.1 | 0.885 | 0.975
Broadleaf woodland
Conifer_plantation | -0.024 0.318 |79792.4 | -0.076 | 1.000
Improved_grassland
Conifer_plantation | -0.522 0.411 |71729.4 | -1.271 | 0.865
Other_seminatural
Conifer_plantation | 0.105 0.409 |68314.3 | 0.255 | 1.000
Upland
Conifer_plantation | 0.646 0.332 | 76106.7 | 1.946 | 0.450
Urban
Broadleaf_woodland| -0.301 0.232 | 88665.4 | -1.296 | 0.854
- Improved_grasslan(
Broadleaf_woodland| -0.799 0.356 | 74811.4 | -2.247 | 0.270
- Other_semtnatural
Broadleaf_woodland| -0.172 0.361 | 70034.8 | -0.477 | 0.999
- Upland
Broadleaf_woodland| 0.369 0.253 | 82746.5 | 1.460 | 0.769
- Urban
Improved_grassland | -0.498 0.360 |72401.8 |-1.383 | 0.811
Other_seminatural
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Feeding Contrast Estimae | Std. df t-ratio | p-value
guild Error
Improved_gradand- | 0.129 0.366 |67798.4 | 0.352 | 1.000
Upland
Improved_grassland| 0.670 0.260 | 76369.8 | 2.572 |0.135
Urban
Other_seminatural- | 0.627 0.447 | 64846.1 | 1.403 | 0.800
Upland
Other_semtinatural - | 1.168 0.371 | 70873.7 | 3.151 | 0.027
Urban
Upland- Urban 0.541 0.378 |66232.9 | 1.431 |0.785
Forbs Arable- 0.578 0.243 | 84418.0 | 2.378 | 0.208
Conifer_plantation
Arable- 0.690 0.191 |83736.9 | 3.605 | 0.006
Broadleaf woodland
Arable- 0.542 0.187 |84284.7 | 2.890 | 0.059
Improved_grassland
Arable- Other semi | 1.319 0.220 |76905.5 | 5.996 |<0.0001
natural
Arable- Upland -0.005 0.263 | 76439.1 | -0.019 | 1.000
Arable- Urban 0.812 0.199 | 78353.4 | 4.084 |0.001
Conifer_plantation | 0.113 0.238 |86163.2 | 0.474 | 0.999
Broadleaf_woodland
Conifer_plantation | -0.036 0.236 |86334.2 | -0.151 | 1.000
Improved_grassland
Conifer_plantation | 0.741 0.260 |78994.6 | 2.848 | 0.066
Other_seminatural
Conifer_plantation | -0.582 0.291 | 77231.1 |-2.004 | 0.412
Upland
Conifer_plantationr | 0.235 0.246 |81348.2 | 0.953 | 0.964
Urban
Broadleaf_woodland| -0.148 0.180 |84731.2 |-0.822 | 0.983
- Improved_grassind
Broadleaf woodland| 0.629 0.216 | 77949.2 | 2.905 | 0.057
- Other_seminatural
Broadleaf woodland| -0.695 0.257 | 77394.0 | -2.700 | 0.098
- Upland
Broadleaf_woodland| 0.122 0.195 | 79175.0 | 0.626 | 0.996
- Urban
Improved_grasslad | 0.777 0.214 | 78536.0 | 3.637 | 0.005
- Other_semtnatural
Improved_grassland | -0.547 0.256 | 77663.9 | -2.138 | 0.330
Upland
Improved_grassland| 0.271 0.191 | 79543.0 | 1.414 |0.794
Urban
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Feeding Contrast Estimae | Std. df t-ratio | p-value
guild Error
Other_semtinatural - | -1.324 0.280 |73563.2 |-4.723 | <0.0001
Upland
Other_semi-natural- | -0.507 0.224 | 74073.3 | -2.265 | 0.261
Urban
Upland- Urban 0.817 0.266 | 74079.5 | 3.070 | 0.035
Grasses Arable- 0.641 0.416 |80717.1 |1.539 |0.721
Conifer_plantation
Arable- 0.771 0.309 |83788.7 | 2.490 |0.163
Broadleaf_woodland
Arable- 0.485 0.299 |88071.6 |1.621 | 0.669
Improved_gassland
Arable- Other_semt | 1.448 0.327 | 81436.8 | 4.422 | 0.0002
natural
Arable- Upland -0.365 | 0.412 |82246.8 |-0.885 | 0.975
Arable- Urban 1.246 0.324 |83272.6 | 3.846 | 0.002
Conifer_plantation | 0.130 0.410 |80085.8 | 0.317 | 1.000
Broadleaf_woodland
Conifer_plantation | -0.155 0.409 |81894.6 |-0.380 | 1.000
Improved_grassland
Conifer_plantation | 0.807 0.425 | 78009.1 | 1.900 | 0.480
Other_seminatural
Conifer_plantation | -1.006 0.474 | 76766.7 | -2.120 | 0.340
Upland
Conifer_plantatio - | 0.605 0.427 |78673.8 | 1.418 | 0.792
Urban
Broadleaf_woodland| -0.286 0.298 | 85653.9 | -0.959 | 0.963
- Improved_grasslanc
Broadleaf_woodland| 0.677 0.326 | 78852.1 | 2.080 | 0.365
- Other_seminatural
Broadleaf_woodland| -1.136 0.408 |81708.5 |-2.785 | 0.079
- Upland
Broadleaf woodland| 0.475 0.326 |81072.5 |1.457 |0.770
- Urban
Improved_grassland| 0.963 0.320 |82972.1 | 3.013 | 0.041
- Other_semtnatural
Improved_grassland| -0.850 | 0.406 |83761.5 |-2.094 | 0.356
Upland
Improved_grassland| 0.761 0.318 |84790.5 | 2.395 | 0.200
Urban
Other_semtnatural - | -1.813 0.423 | 79549.4 | -4.288 | 0.0004
Upland
Other_seminatural- | -0.202 0.342 | 78682.8 | -0.590 | 0.997
Urban
Upland- Urban 1.611 0.423 | 79945.3 | 3.811 | 0.003
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Feeding Contrast Estimae | Std. df t-ratio | p-value
guild Error
Arable- 0.840 0.318 | 74617.9 | 2.641 |0.114
Conifer_plantation
Arable- 0.789 0.268 |80433.7 | 2.949 | 0.050
Broadleaf woodland
Arable- 0.758 0.267 | 78665.5 | 2.839 | 0.068
Improved_grassland
Arable- Other_semi | 1.106 0.315 | 70625.6 | 3.508 | 0.008
natural
Arable- Upland 0.733 0.353 | 70400.4 | 2.080 | 0.365
Arable- Urban 0.912 0.282 | 741.2 |3.231 |0.021
Conifer_plantation | -0.051 0.305 | 79450.8 | -0.167 | 1.000
Broadleaf_woodland
Conifer_plantation | -0.082 0.306 | 77548.8 | -0.267 | 1.000
Improved_grassland
Conifer_plantation | 0.266 0.347 | 70607.4 | 0.766 | 0.988
Other_seminatural
Conifer_plamation- | -0.106 |0.373 |69336.8 | -0.285 | 1.000
Upland
Conifer_plantation | 0.072 0.323 | 74179.6 | 0.223 | 1.000
Urban
Broadleaf_woodland| -0.031 0.254 | 84489.9 | -0.122 | 1.000
- Improved_grasslanc
Broadleaf _woodland| 0.317 0.305 |74382.6 | 1.040 |0.945
- Other_seminatural
Broadleaf_woodland| -0.056 0.342 | 73839.2 | -0.163 | 1.000
- Upland
Broadleaf woodland| 0.123 0.273 | 79299.1 | 0.450 | 0.999
- Urban
Improved_grassland | 0.348 0.305 |73208.5 | 1.140 |0.916
Other_seminatural
Improved_grassland| -0.025 | 0.341 | 72548.9 | -0.072 | 1.000
Upland
Improved_grassland| 0.154 0.272 | 77791.4 | 0.565 | 0.998
Urban
Other_seminatural- | -0.372 0.379 |67922.2 | -0.983 | 0.958
Upland
Other_seminatural- | -0.194 0.320 | 69869.6 | -0.606 | 0.997
Urban
Upland- Urban 0.178 0.358 | 70235.7 | 0.499 | 0.999
Lichen Arable- 1.779 1.529 |50383.5 |1.163 |0.908
Conifer_plantation
Arable- 1.776 0.509 |80706.5 | 3.486 | 0.009
Broadleaf woodland
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Feeding Contrast Estimae | Std. df t-ratio | p-value
guild Error
Arable- 1.927 0.514 | 78036.2 | 3.752 | 0.003
Improved_grassland
Arable- Other_semt | 2.082 0.760 | 70977.8 | 2.738 | 0.089
natural
Arable- Upland -1.197 1.347 | 83665.7 | -0.888 | 0.974
Arable- Urban -0.314 | 0.650 |71882.1 |-0.484 |0.999
Conifer_plantation | -0.003 1.519 |50135.2 | -0.002 | 1.000
Broadleaf woodland
Conifer_plantation | 0.148 1.521 |50049.5 | 0.098 | 1.000
Improved_grassland
Conifer_pantation- | 0.303 1.645 |51032.2 | 0.184 | 1.000
Other_seminatural
Conifer_plantation | -2.975 1.801 |58548.8 | -1.652 | 0.648
Upland
Conifer_plantation | -2.093 1.596 |50303.7 |-1.312 |0.847
Urban
Broadleaf_woodland| 0.151 0.463 |81979.5 | 0.32Zr | 1.000
- Improved_ grasslanc
Broadleaf_woodland| 0.306 0.746 | 70239.6 | 0.411 | 1.000
- Other_seminatural
Broadleaf woodland| -2.973 1.336 |83877.7 |-2.225 | 0.282
- Upland
Broadleaf_woodland| -2.090 0.629 |72894.5 | -3.322 | 0.016
- Urban
Improved_grassland| 0.155 0.745 | 70534.1 | 0.208 | 1.000
Other_seminatural
Improved_grassland | -3.124 1.338 |83518.4 |-2.335 | 0.227
Upland
Improved_grassland | -2.242 0.631 | 72223.7 | -3.553 | 0.007
- Urban
Other_seminatural- | -3.279 1.477 | 77993.6 |-2.220 | 0.285
Upland
Other_seminatural- | -2.397 0.834 |68376.8 | -2.873 | 0.062
Urban
Upland- Urban 0.882 1.423 |79111.3 | 0.620 | 0.996
Herbaceous | Arable- 1.772 0.770 | 85349.6 | 2.303 | 0.243
polyphagous Conifer_plantation
Arable- 1.912 0.630 |93223.4 | 3.036 |0.039
Broadleaf woodland
Arable- 1.487 0.632 |99869.7 | 2.355 | 0.218
Improved_grassland
Arable- Other_semi | 1.419 0.676 |93119.8 | 2.100 |0.352
natural
Arable- Upland 1.315 0.775 |82850.5 | 1.698 |0.618
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Feeding Contrast Estimae | Std. df t-ratio | p-value
guild Error
Arable- Urban 1.200 0.641 |93545.6 | 1.870 | 0.500
Conifer_plantationr | 0.140 0.753 | 81386.7 | 0.186 | 1.000
Broadleaf woodland
Conifer_plantation | -0.285 0.755 |85002.4 | -0.377 | 1.000
Improved_grassland
Conifer_plantation | -0.353 0.784 | 80915.7 | -0.450 | 0.999
Other_seminatural
Conifer_plantation | -0.456 0.859 | 73099.6 | -0.532 | 0.998
Upland
Conifer_plantation | -0.572 0.765 | 81193.5 | -0.749 | 0.989
Urban
Broadleaf_woodland| -0.425 0.603 |89966.4 | -0.705 | 0.992
- Improved_grasslanc
Broadleaf_woodland| -0.493 0.641 | 86046.3 | -0.769 | 0.988
- Other_seminatural
Broadleaf_woodland| -0.597 0.758 | 79044.3 | -0.787 | 0.986
- Upland
Broadleaf woodland | -0.713 0.614 |84076.3 | -1.161 | 0.909
- Urban
Improved_grasslane | -0.068 0.659 |91771.9 | -0.103 | 1.000
Other_seminatural
Improved_grasslane | -0.172 0.761 | 82460.3 | -0.225 | 1.000
Upland
Improved_grassland| -0.287 | 0.617 | 89333.3 | -0.466 | 0.999
Urban
Other_seminatural- | -0.104 0.789 | 78677.4 | -0.132 | 1.000
Upland
Other_seminatural- | -0.220 0.669 |86671.5 |-0.329 | 1.000
Urban
Upland- Urban -0.116 | 0.770 |78920.5 |-0.150 | 1.000
Woody Arable- 1.576 0.796 |98725.1 | 1.979 |0.428
polyphagous Conifer_plantation
Arable- 1.710 0.742 | 112897. | 2.306 |0.241
Broadleaf woodland 9
Arable- 1.147 0.758 | 103700. | 1.513 |0.737
Improved_grassland 3
Arable- Other_semi | 0.290 0.827 |84364.2 | 0.351 |1.000
natural
Arable- Upland 0.110 0.901 |86051.8 | 0.122 |1.000
Arable- Urban 1.193 0.765 | 100054. | 1.559 |0.708
1
Conifer_plantation | 0.134 0.740 | 113768. | 0.180 | 1.000
Broadleaf woodland 3
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Feeding Contrast Estimae | Std. df t-ratio | p-value

guild Error
Conifer_plantation | -0.429 0.757 | 104359. | -0.567 | 0.998
Improved_grassland 6
Conifer_plantation | -1.286 0.826 | 84844.8 | -1.558 | 0.709
Other_seminatural
Conifer_plantation | -1.466 0.898 | 87190.0 | -1.633 | 0.661
Upland
Conifer_plantation | -0.383 | 0.764 | 100624. | -0.502 | 0.999
Urban 0
Broadleaf woodland| -0.563 0.682 | 117159. | -0.825 | 0.982
- Improved_grasslan( 0
Broadleaf woodland| -1.420 0.773 |93948.0 | -1.836 | 0.523
- Other_seminatural
Broadleaf_woodland| -1.600 0.851 |94488.6 | -1.880 | 0.493
- Upland
Broadleaf woodland| -0.517 0.690 | 111503. | -0.749 | 0.989
- Urban 2
Improved_grassland| -0.857 | 0.789 |87713.6 |-1.086 | 0.932
Other_seminatural
Improved_grassland | -1.037 0.866 |89117.4 |-1.198 | 0.895
Upland
Improved_grassland| 0.046 0.710 |100061. | 0.065 | 1.000
Urban 6
Other_seminatural- | -0.180 0.924 | 77854.5 | -0.194 | 1.000
Upland
Other_seminatural- | 0.903 0.796 |85129.8 | 1.135 |0.918
Urban
Upland- Urban 1.083 0.872 |86718.6 | 1.241 |0.878
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2.7.3.2 Overwintering stages

Table S212. Post hoc analysis to determine whether specsgsecific abundance trends differed
according to overwintering stage Posthoc pairwise contrasts of estimated nginal mean
abundance trends between specieganr overwintering stage group&stimates are the differences
between the estimated marginal meansv&ues are corrected for multiple comparisons with the
Tukeymethod. Significant contrasts (p < 0.05) dnighlighted in bold. Analysis was done in the
emmeans package in R.

Contrast | Estimate | SE DF t.ratio p.value
Adult  -|1.378 0.445 387 3.093 0.011
Egg
Adult  -|0.619 0.430 387 1.438 0.476
Larva
Adult - |0.961 0.431 387 2.224 0.119
Pupa
EggLarva| -0.759 | 0.194 387 -3.906 | 0.0006
Egg Pupa| -0.417 | 0.198 387 2104 | 0.1~
Larva -]0.342 0.161 387 215 0.147
Pupa

Table S213. Post hoc analysis testing whether measpeciesspecific abundance trends differ

between habitat types withn four overwintering groups. Posthoc tests produced using the
joint_tests() function in the emmeans package. The tests determine whether the response variable
(moth abundance trend) diffé 06 S 6SSy KIFIoAllIGa 6AGKAY eQlonOK FSSR
P-values less than 0.05 shown in bold. Analysis was done in the emmeans package in R.

Overwintering_stage DF1 DF2 Fratio p-value
Adult 6 67225.24 | 1.595 0.144

Egg 6 70664.64 | 2.875 0.008
Larva 6 75806.46 | 13.276 P <0.0001
Pupa 6 66262.48 | 6.596 P < 0.0001
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Table S214. Post hoc analysis to determine whether specmsecific abundance trends differed
according tohabitat, split by overwintering stagePosthoc pairwise contrasts of estimated marginal
mean abundance é&nds between speci@s 10 habitats, split by overwintieg stage Estimates are
the differences between the estimated marginal meansialBes are corrected for multiple
comparisons with the Tukey method. Significant contrasts (p < 0.05) are highlighteldii Analysis
was done in the emmeans package in R.

Overwintering| Contrast Estimate| Std. | DF t-ratio | p-value
stage Error
Adult Arable -1 1.656 0.859| 67225.24| 1.928 | 0.461
Conifer_plantation
Arable -10.971 0.672| 74763.13| 1.445 | 0.777
Broadleaf woodland
Arable - | 1.267 0.725| 76572.98| 1.749 | 0.583

Improved_grassland
Arable - Other_semi | -0.309 | 1.421| 75505.49| -0.218 | 1.000

natural
Arable- Upland 1.878 1.068| 71645.54| 1.758 | 0.577
Arable- Urban -0.305 0.765| 69009.97| -0.398 | 1.000

Conifer_plantation - | -0.686 | 0.794| 68669.25| -0.864 | 0.978
Broadleaf woodland
Conifer_plantation - |-0.389 | 0.852| 70017.34| -0.457 | 0.999
Improved_grassland
Conifer_plantation - |-1.966 | 1.526|71722.05|-1.288 | 0.858
Other_semkinatural
Conifer_plantation - | 0.222 1.119| 70777.73/ 0.198 | 1.000
Upland
Conifer_plantation - |-1.961 | 0.912| 65482.36| -2.150 | 0.323
Urban
Broadleaf_woodland | 0.297 0.672| 80012.16| 0.441 | 0.999
Improved_grassland
Broadleaf_woodland | -1.280 | 1.398| 76124.86| -0.916 | 0.970
Other_semkinatural
Broadleaf_woodland | 0.907 1.031| 73987.74/ 0.880 | 0.976
Uplard
Broadleaf_woodland | -1.275 | 0.722| 71930.02| -1.765 | 0.572
Urban
Improved_grassland | -1.577 | 1.419| 76478.95| -1.111 | 0.925
Other_semkinatural
Improved_grassland | 0.611 1.060| 74528.41| 0.576 | 0.997
Upland
Improved_grassind - | -1.572 | 0.773| 74378.14| -2.032 | 0.394
Urban
Other_seminatural - | 2.188 1.658| 73481.44| 1.319 | 0.843
Upland
Other_seminatural - | 0.005 1.436| 75347.21| 0.003 | 1.000
Urban
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Overwintering | Contrast Estimate| Std. | DF t-ratio | p-value
stage Error
Upland- Urban -2.183 | 1.124| 69718.06| -1.942 | 0.452
Egg Arable -1 0.579 0.289| 82438.93| 2.008 | 0.410
Conifer_plantatio
Arable -1 0.631 0.220| 82961.46| 2.861 | 0.064
Broadleaf_woodland
Arable - 10.283 0.216| 77072.21| 1.306 | 0.849
Improved_grassland
Arable - Other_semt | 0.214 0.276| 73027.67| 0.777 | 0.987
natural
Arable- Upland 0.020 0.306| 73975.85| 0.064 | 1.000
Arable- Urban 0.765 0.233| 70664.64| 3.279 | 0.018
Conifer_plantation - | 0.051 0.284| 88928.32| 0.180 | 1.000
Broadleaf woodland
Conifer_plantation - | -0.297 | 0.284| 85838.44| -1.046 | 0.943
Improved_grassland
Conifer_plantation - |-0.365 | 0.326| 78040.73| -1.121 | 0.922
Other_seminatural
Conifer_plantation - |-0.560 |0.343| 77507.4 | -1.632 | 0.662
Upland
Conifer_plantation - | 0.185 0.296| 78737.58| 0.626 | 0.996
Urban
Broadleaf_woodland | -0.348 | 0.213| 87220.83| -1.634 | 0.660
Improved_grassland
Broadleaf woodland- | -0.416 | 0.272| 78015.63| -1.531 | 0.726
Other_semkinatural
Broadleaf_woodland | -0.611 | 0.301| 78803.21| -2.033 | 0.394
Upland
Broadleaf_woodland | 0.134 0.231| 77790.65| 0.581 | 0.997
Urban
Improved_grassland | -0.068 | 0.271| 75505.01| -0.252 | 1.000
Other_seminatural
Improved_grassland | -0.263 | 0.301| 76342.69| -0.874 | 0.976
Upland
Improved_grassland | 0.482 0.227| 73108.21| 2.121 | 0.340
Urban
Other_seminatural - |-0.195 | 0.342| 72306.08| -0.569 | 0.998
Upland
Other_seminatural - | 0.550 0.285| 70689.87| 1.932 | 0.459
Urban
Upland- Urban 0.745 0.313] 71301.41| 2.383 | 0.206
Larva Arable -1 0.829 0.206| 81803.45| 4.021 | 0.001
Conifer_plantation
Arable -1 1.054 0.153| 84795.58| 6.887 | <0.0001

Broadleaf woodland
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Overwintering | Contrast Estimate| Std. | DF t-ratio | p-value
stage Error
Arable - 10.801 0.153| 85611.01| 5.242 | <0.0001
Improved_grassland
Arable - Other_semt | 1.287 0.180| 79181.12| 7.134 | <0.0001
natural
Arable- Upland 0.286 0.215| 75806.46| 1.326 | 0.840
Arable- Urban 1.002 0.163| 82147.32| 6.161 | <0.0001
Conifer_plantation - | 0.225 0.201| 83450.26| 1.123 | 0.921
Broadleaf woodland
Caifer_plantation -|-0.028 | 0.201|83393.3 | -0.141 | 1.000
Improved_grassland
Conifer_plantation - | 0.457 0.221| 78260.59| 2.069 | 0.371
Other_seminatural
Conifer_plantation - | -0.544 | 0.244| 74858.58| -2.224 | 0.282
Upland
Conifer_plantation - | 0.173 0.210| 81157.39| 0.824 | 0.983
Urban
Broadleaf_woodland | -0.254 | 0.145| 86083.77| -1.754 | 0.579
Improved_grassland
Broadleaf_woodland | 0.232 0.175| 79392.27| 1.323 | 0.841
Other_seminatural
Broadleaf_woodland | -0.769 | 0.210| 76551.27| -3.662 | 0.005
- Upland
Broadleaf_woodland | -0.052 | 0.158| 83076.47| -0.332 | 1.000
Urban
Improved_grassland | 0.486 0.175| 80474.34| 2.768 | 0.082
Other_semkinatural
Improved_grassland | -0.515 | 0.210| 76937.01| -2.456 | 0.176
Upland
Improved_grassland | 0.201 0.157| 84020.7 | 1.278 | 0.862
Urban
Other_semkinatural - | -1.001 | 0.230| 73664.03| -4.359 | 0.0003
Upland
Other seminatural - | -0.284 | 0.184| 77960.42| -1.546 | 0.717
Urban
Upland- Urban 0.716 0.219| 75170.39| 3.275 | 0.018
Pupa Arable - 1 0.459 0.209| 72727.42| 2.198 | 0.297
Conifer_plantation
Arable -10.515 0.172| 74008.14| 2.988 | 0.045
Broadleaf woodland
Arable - 10.582 0.174| 71207.07| 3.347 | 0.014
Improved_grassland
Arable - Other_semi | 0.918 0.222| 68528.24| 4.146 | 0.001
natural
Arable- Upland 0.102 0.261| 66738.66/ 0.390 | 1.000
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Overwintering | Contrast Estimate| Std. | DF t-ratio | p-value
stage Error
Arable- Urban 1.041 0.188| 66262.8 | 5.526 | <0.0001
Conifer_plantation - | 0.057 0.194| 79513.81| 0.292 | 1.000
Broadleaf woodland
Conifer_plantation - | 0.124 0.196| 76218.42| 0.633 | 0.996
Improved_grassland
Conifer_plantation - | 0.460 0.237| 70683.66| 1.942 | 0.452
Other_seminatural
Conifer_platation - |-0.357 | 0.269| 68135.45| -1.327 | 0.839
Upland
Conifer_plantation - | 0.582 0.210| 70992.55| 2.780 | 0.080
Urban
Broadleaf_woodland | 0.067 0.152| 77247.81| 0.442 | 0.999
Improved_grassland
Broadleaf_woodland | 0.403 0.210| 72682.53| 1.922 | 0.465
Other_semkinatural
Broadleaf_woodland | -0.414 | 0.249| 69431.63| -1.659 | 0.644
Upland
Broadleaf_woodland | 0.526 0.172| 71375.15| 3.051 | 0.037
- Urban
Improved_grassland | 0.336 0.211| 70909.35| 1.592 | 0.687
Other_semkinatural
Improved_grassland | -0.481 | 0.250| 6815.49| -1.920 | 0.467
Upland
Improved_grassland | 0.459 0.174| 68110.85| 2.634 | 0.116
Urban
Other_seminatural - | -0.817 | 0.282| 65723.43| -2.895 | 0.058
Upland
Other_seminatural - | 0.123 0.222| 66786.71| 0.551 | 0.998
Urban
Upland- Urban 0.939 0.262| 65572.32| 3.591 | 0.006
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2.7.4 Climate variables

2.7.4.1Climatehabitat interaction

Table S215. Post hoc analysis to determine whether the effect of summer ram annual moth abundancaliffered
between habitats Posthoc pairwise contrasts ofsémated marginal mean effect of sunemrainfallon moth abundance
across seven habitat typeBstimates are the differences between the estimated marginal mearzu®s are corrected for
multiple comparisons with the Tukey method. Significant conti@sts 0.05) are highlighted in bold. Analysis was done in
the emmeans package in R.

Contrast Estimat | SE Df z.ratio | p.value
e
Arable- Conifer_plantation -0.071 | 0.0% Inf -2.79 | 0.082
Arable- Broadleaf woodland -0.022 | 0.019 Inf -1.18 | 0.900
Arable- Improved_grassland -0.0@ 0.018 Inf -0.1®@ |1
Arable- Other_seminatural -0.0Z7 0.026 Inf -1.014 | 0.951
Arable- Upland -0.072 | 0.025 | Inf -2.857 | 0.065
Arable- Urban -0.024 | 0.0 Inf -1.180 | 0.906
Conifer_plantation -10.048& |0.024 Inf 2.001 |0.414
Broadleaf woodland
Conifer_plantation -1 0.069 0.024 Inf 2.9 0.056
Improved_grassland
Conifer_plantation - Other_semt | 0.044 0.03L Inf 1.457 |0.770
natural
Conifer_plantation Upland -0.0003 | 0.029 Inf -0.0114 |1
Conifer_plantationr Urban 0.047 0.0%6 Inf 1.815 |0.538
Broadleaf_woodland -1 0.020 0.016 Inf 1.260 | 0.870
Improved_grassland
Broadleaf_woodland - Other semt | -0.004 | 0.025 Inf 0172 |1
natural
Broadleaf woodland Upland -0.049 | 0.024 Inf -2.076 | 0.367
Broadleaf woodland Urban -0.02 0.019 Inf -0.097 |1
Improved_grassland - Other_ semt | -0.05 0.05 Inf -1.010 | 0.952
natural
Improved_grassland Upland -0.070 | 0.023 | Inf -3.017 |0.041
Improved_grasslandUrban -0.022 | 0.018 Inf -1.215 | 0.889
Other_seminatural- Upland -0.04% 0.030 Inf -1.496 | 0.748
Other_seminatural - Urban 0.002 0.0 Inf 0.092 1
Upland- Urban 0.047 0.025 | Inf 1.877 | 0.496
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Table S216. Post hoc analysis to determiria which habitatssummer rainfall significantly affects total moth
abundance The estimated marginahean effect ohnnualsummer raifiall on moth abundance ieach habitat

showing associated standard errors ad 95% Cls. The effect of rainfall is considered significant at the p < 0.05 level
if the 95% Cls do not overlap zero. Significant effects higiiglold. Analysis was done in ttemeans package

in R.

Habitat Effect of summer rainfall | SE df Lower | Upper
95% CIl| 95% ClI

Arable -0.088 0.015 Inf -0.117 | -0.060
Conifer_plantation | -0.017 0.021 Inf -0.059 | 0.024
Broadleaf woodlan | -0.066 0.012 Inf -0.00 | -0.042
d

Improved_grassland| -0.086 0.011 Inf -0.108 | -0.065
Other_semtnatural | -0.062 0.022 Inf -0.105 | -0.019
Upland -0.0169 0.020 | Inf -0.057 | 0.023
Urban -0.06413 0.015 Inf -0.093 | -0.035

2.7.4.2 Climate@verwintering stage interaction

Table S217. Post hoc analysis to determine whethetimate variablesaffect moth abundance differently
depending on species overwintering stageosthoc pairwise contrasts of estimated marginal mesdfects of
five climate variables on thannual abundance of species in four overwintering stagesimates are the
differences between the estimated marginal meansakRies are corrected for myte comparisons with the
Tukey method. Significant contrasts (p < 0.05) are highlighted in bwdtysés was done in the emmeans package
in R.

Climate contrast | estimate| SE Df zratio | p-value
variable
Summer Egg -1 -0.018 0.0097 | Inf -1.8% 0.248
temperature | Larva
Egg -1-0.04 |0.009 |Inf -452 | <0.0001
Pupa
Egg -1-0.010 |0.0097 | Inf -0.988 | 0.7%
Adult
Larva -|-0.0%6 |0.0097 | Inf -2.666 | 0.038
Pupa
Larva -|0.008 0.0097 | Inf 0.867 0.822
Adult
Pupa -|0.034 0.0097 | Inf 3.534 0.002
Adult
Summer Egg -1 -0.033 0.0094 | Inf -3.457 | 0.003
rainfall Larva
Egg -1-0.060 |0.0094 | Inf -7.283 | <0.0001
Pupa
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Climate contrast | estimate| SE Df zratio | p-value
variable
Egg -0.030 0.0094 | Inf -4.086 | 0.0002
Adult
Larva -0.036 | 0.0094 | Inf -3.826 | 0.00®8
Pupa
Larva -0.006 0.0094 | Inf -0.629 | 0.9
Adult
Pupa 0.030 0.0094 | Inf 3.197 0.008
Adult
Previous Egg -0.048 | 0.0093 | Inf -5.123 | <0.0001
summer Larva
temperature | Egg 0.01® | 0.0093 | Inf 1.810 0.268
Pupa
Egg -0.033 0.0093 | Inf -3.5210 | 0.002
Adult
Larva 0.066 0.0093 | Inf 6.933 < 0.0001
Pupa
Larva 0.015 0.0093 | Inf 1.6 0.378
Adult
Pupa -0.050 |0.0093 | Inf -5.331 | <0.0001
Adult
Winter Egg -0.061 | 0.0097 | Inf -6.308 | <0.0001
temperature | Larva
Egg -0.05% 0.0097 | Inf -5.606 | <0.0001
Pupa
Egg -0.028 | 0.0097 | Inf -2.909 | 0.019
Adult
Larva 0.007 0.0097 | Inf 0.703 0.8%
Pupa
Larva 0.033 0.0097 | Inf 3.399 0.04
Adult
Pupa 0.026 0.0097 | Inf 2.6% 0.035
Adult
Winter Egg 0.025 0.002 | Inf 2.7 0.028
rainfall Larva
Egg 0.025 0.002 | Inf 2.775 0.028
Pupa
Egg 0.0 0.002 | Inf 3.459 0.003
Adult
Larva 0.000 0.002 | Inf -0.003 |1
Pupa
Larva 0.006 0.002 | Inf 0.680 0.9
Adult
Pupa 0.006 0.002 | Inf 0.683 0.903
Adult
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2.8 Discussion
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Fig. S&. Change in siteyear completeness 1968 2016. Model predictions from a GAM of a)
estimated siteyear completeness based on proportion of flight period sampled and b) estimated
proportion of nights sampled based on reported inoperative nights in datalfisewingmodel
estimated mean and 95% Cls.
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Fig. S&. Moth abundance at Barnfield 933¢ 2016.Total annual moth abundance at Barnfield trap
at Rothamstel Research between 1933 and 2016. Black dotted lines show when trapopesative.

Red dotted line is the geometric mean average abundance ford23939. Black regression line is for
1964 to 2016.
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Fig. SZZ. The relationshp betweenmoth abundance trends and sample siz&bundance trends of
individual moth species plotted against the total sample size split by habitat. Trends are on the scale
of In(x + 100), sample sizes are on thedogle. Errcbars show 95% confidenagervals of trends.
Dotted line is at trend = OChree notable species are labelled in the Upland category: Xanthorhoe
montanata (Silveground Carpet), Orthosia gothica (Hebrew Character) and Cerapteryx graminis
(Antler Moth).
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